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一
円Ae甘
The WDイePe atPrOtein s a r efo u nd in e ukaryote s a ndplaya nimpo rta ntrolein
the r egulatio n of a wide v a riety of ce[[uJarfu n ctio n s su ch as s Jgn a=r ansdu ctio n,
tr a n s c riptio n, and proliferatio n･ ln this study･I in v estigatedthe clo nl=g Of a nov el
W D40-r epe atge n e, Pfwd,fr om Pen
'
I/afr ute s c e n sbys c r e e n lngCD NA-ibra ryofthe r ed
Iea v e sP･ fr ute s c e n swith a nllCD N Aa sthe probe fr o m Petu nia hybn
･
da
,
which
e ncodes a regulato ry protein of a ntho cya nin biosynthe sis. T he chara cte riz atio n of
M トIe ngth CD N Are v ealedthat Pfwd CD N Aco ntains 1411 base palrS, e ncoding a
Predicted protein of333amin o a cids･ T he dedu c ed a min o a cids equ e nce shows
813 % identity withthatofa nllfr om P･ hybrjda･ The C-ter min a一r eglO n C Ontain sVVD
repeat thatishigh)y c o nse r ved in se v e r alproteins e venfr om the o rganism ssuch a s
yeast, n e matode s a nd m am m alsthatdo n otprodu c e a ntho cya nin･ Num e rous sites
of putativ e po s=r a n sJatio nal m odific atio n, su ch a s N･linked g-yco sylatio n,
myristoyJatio n a nd pho spho ryJatio n site s, w e realso ide ntified･ Ov e r e xpr e s sion of
PFW D in Arab/
'
dops IS and Esche n
'
chJ
'
a c oII
'
,
Subc e‖ula rloca[izatio n of P F WD and
PrOteJ
-
n -Pr oteininter a ction of P FW Da nd othe rregulato ryfa ctors werein v e stigatedto
ex a min ethe r ole of P F W DJ
L
n the regulatjo n of a nthocya nin bjo synthesis･ The
tran sgenic Arabidops[ s.plants ove rexpre ss[ng PF W De xhibited vario us phe notyp[c
change sjn cJuding e nha n c e ment of antho cyanin produ ctio n･ Ov e r e xpr ession of
P F W Daffe cted to viab=ty of pJant･ Overexpres sio nin E. c oI]
'
sho w ed w e ak
expre s sion band of m altos ebinding protein(M B P)a nd P F W D fusio n. T hefu sio n
protein of P F W Da ndB -gJu c u ro nida s e(G U S) transje ntJy e xpr e s s ed in o nio n
epide r mal c e‖s w a slo c a臼z edin the cytosol unde rboth dark a nd 一ight c o ndito ns.
T he study ofinte ra ctio nam o ng P F W Da nd a ntho cyanin regulato rypr oteinsin yeast
tw o-hybridsyste m sho w edthe str o nginte r actio nbetw e e nPF W Dand M Y C-R P, a nd
betw e e nM Y B-Pla nd M Y C-R P. Bythe c ombin ation betw een P F W Da nd A N L2
c o ntainl ng hom e obo xdo m ain fr o mArabI
'
dopsIS, a faintinte ractio n w a s obs e rv ed.
Jt
'
s po s sib一e fo r anetw o rk m odelofgen etic r egulato ryinte ra ction that the PFVVD
protein may a ctininte r m edia rypro c e s s ofsign altra n sdu ctio n sin variety ofpathw ays
a ndtra n sfe r s[gn a=o pr ote J
-
n s s u ch a sMYC fa mily proteinsto a ctiv ated spe cificge n e
expr es sio n･ M Y B-Pl a nd M Y C-R Pa r esup posedto a ctatthe s a m e regulationlev e[
dow nstre am of P F W Dtoinitiate antho cyaninfo rm atio n.
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BN T 閃O D ue甘且O N
Anthocya nins with brightr ed and blue co-o rs a re on eofthe m ain classes of
Plgm e ntSin v egetative a ndrepr oductivetis s u e s ofp[ants･ T heyhave reputedabout
n utritio naf a nd pha r maceutic al effe cts･ T he se pJ
･
gm e nts a reexpected to ha v e
antioxida nta ctivitya ndcholester o=o wenng action.
1nplantc e‖s･ a nthocyanin accum ulatjo nis c o ntrolfed by manye nviro nm ental
fa cto rs
, s u ch a s[ight･te mpe ratu r e, nutrie nts, and othe r stre s ses･ T he antho cya njn
r elated fla vo noidc o mpounds areimporta ntfo rfeni)ity a nd defe nses again stin se ct
a ndpathoge n s(Grote w oldeta/･, 19 98)I T hu s,itis po siblethata ntho cyanin s may
ha ve s o me r oleindefen s e･ Antho cyaninplgm e ntS abso rb U V =ghta s weI[a s visib一e
nght and ha v ebe en sugge stedto s e rve a sU Vprote ctants(Stapfeto n a nd Walb｡t
1994)～ ftha s als obe e npr opo s edthatanthocyanin expressio ninLe afsheaths a nd
ste m ofplantgro w lngathighe r a(titude sis an adaptationto co ole rtempe r atu res a nd
m ayhelptheplants attainhighe rte mper atu redu ringtheday･
T he phe nylpropan oidpathw ay fr o m phe ny-afa nin e a m o nia -lyas e(P AL)
le ads to the produ ction of fJa v o n oids,in cludingfla vanols･ ta n nin sa nd a ntho cya nin s
(Weis sha arand Jenkins1998)I T hefirstcom mitted stepin a ntho cyanin synthesisis
c atalyzed by chalc o n e synthas e(C HS)fro m m aJo nyトCoA a nd c oum a ryトCoA. T his
Pathw ay r equ Jr e S S e v e ra一 e n zym e sto g-v ethe main pJgm e nt fou nd in Pe n
･
I/a
4
＋
frute sce n s (Figu re l･1), m alo nylshis o nin (3- a(6-C>(E)-pI C Ou ma ry[- β - D･
glu copyra nosy])-5- 0-(6-C>m alonyトβ -D-gluc opyra no syJ)- cya nidin･ Fn m a ny plant
spe cie s･ str u ctu r a[ ge n es e n c oding the s e e n zym e shav e been is o[ated a nd
cha r a cteriz ed.
T he a ctivity ofthe a ntho cya nin bio synthe sisge n e sisla rgely regu(ated at the
tra ns criptio nle v era ndc o n sequ entTythe p[gme ntpatte r n s m u stbelargelyspecified by
the e xpres sionpatte r n s ofregulato ry ge ne(Hofto nand
t
Cornish
,1 995). Tw ogroups of
ge n e s a r e requir ed fo r a ntho cya nin bio synthe sisI The first gro up Jn Clude sthe
str u ctu ralge n e sthate n c odethe e n zym e spa rticipatinginthebio che mic aJre actio ns of
a nthocyanin fo r matio n･ T he s eco nd group J n CIude sthe regulato ry gen e sthat
encodetheproteins regu[atingthe e xpression ofthe structu r a一ge n e s, andcontro”ing
the spatia一 a nd tempo r al a c c um ulatio n ofp[gmentsI T he str u ctura-ge nesin the
anthocyaninbiosynthe sis are c on se r v ed betweendiffe re ntspe cies andinduc ed by
3xM alo nyトCoA ＋ p-Co u maroyトCoA
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Figurel･1･ Po ssible regulatio n ofa nthocya nin biosynthe6cpathw ayin P.frutes ce n s.
Protein s ofthe a nh ∝ ya nin pathw ay a reirdic ated in c apitaJ 蜘ers･ P FW D, WD･40 repe at type of
tra n scription fa ctor; MYB･ myb-type transcriptio nfa cto r; M YC, b =L=-type tran scriptio nfa cto r; HD;
ho m e odo m ain-type tra ns criptio nfa ctor; CH S, chalc o n e synthas e; C H l, chalc on eis om e ras e; F 3H,
fla v a n on e3-hydroxyla s e; F 3
1H, f[av o n oid3
.
- hydro xylas e; DF R, dihydroflav on ol 3･redu cta se; A N S,
a ntho cya nidin syntha se;3 G T･fla vo n oid 3- agfu co sy(transfera se;A AT, a nthccya nin acyltra n sfera s e;5G T,
flav onoid5･glu c o sy(tra nsfera se;A MT, a nthocyanin m alonyltrasfe ra s e;G-c･ glu c ose re sidu e; Mal; m aJonyl
re sidue;p- Co u,p-c o u r Ⅷ roy(residue
‖umin atio n(Gong et a/. ･ 1997)･ T his sugge sts that the various pfgm e ntatio n
Patter n sa nd bioJoglCa‖加 ctions areba sed o ndiv ersedregulato ry mecha nis msthat
co ntro=he expres sion ofstru cturaJgenes.
Sev era(regulatory gen e sfor a ntho cya njnbiosynthesishavebee nidentified in
v ariou sp[ants･ ln maiz etw ofamilie s ofr egufatory ge ne s,the r a nd clfamiJy, contro一
the tra n s c riptio n of aHthe stru ctu ral a ntho cya nin genes in v a rious tiss u e s. T he
m embe r ofthe rfa miJy(r,Ic, sn･ b)en c ode sM Y Cprotein swithabasicheh
･
x-一oop-heJix
(b H LH)D NA binding m otif･ whi(e me mber of cl family(cl a nd pOe nc odes M Y B
dom ain protein. Both famJ
'
ues c ompnse multiple para[ogou sge ne sthat e nc ode
sJ
.
mila rproteins with diffe r e ntexpres sio npatte r n s(Ludwig and We s sJer1990;Cone et
a/I , 1 993)～ ” petunia, the regu一ato ry ge ne s anl, an2 and anll have be e ncl.ned.
a nl a nd an2 encode M Y C- and M Y B- tra nscriptionfactors, respectively(MoJ eta/.,
1996)･ a nlle n code sthe othe rtype ofregulato ry protein co
･
ntainingfiv etryptopha n
and aspanic acid(W D)repe ats･ T his W D･ repe atprot軸 hasbee nindicatedto ?ct
upstre am Of a n2･ M Y B-type protein hom o(ogu e(de Vette n et a/. , 1997). T he
Arab[
'
dopsI
'
s ttg(tra n spa re nt te sta g/abra)m uta ntat theho m ologu etothis W D- repe at
m otif a#e cts to r oothairs
･
s e ed c oat m u cilage andtricho mes beside a ntho cya nin
fu n ction(Walke r et a/･ ･ 19 99). T TGl in A･ thaJI
･
anais regu一ato ry ge n ethatc o ntroJ
tr a n s c ription of D mbutn otC HSa nd CHI(Shirfey eta/･ , 1995). T hJ
･
sisin agr e e ment
with data published by Qu attr occhio eta/I(1993), which sho w edthatanl, an2 a nd
anllco ntro= he tra n s criptio n of D FF7a nd dow n stre am gen e s･ =om eobo xgen es,
u niv ersa(gro up ofregulato ry gen es, have be enfJ
･
r stly as sociated with anthocya nin
bio synthe sis(Kubo eta/･, 1 999)I Thisge ne c o ntr o一sthe antho cyaninpigm entatio n of
theleafs ubepide rm al一ayer a nd c eJfu)a r o rganiz atio nofthe pn m a ry root. AJtho ugh
the regu(atjo n of anthocya nin bio synthe sis ha sbe e n studied in v a riou spla nts, the
Pre cise c o ntrol m e chanis m of anthocya nin a c cu mulatio n has n ot be e nfully
understo od.
W Drepeats ar e minim a”y c onser v ed domain s of approximately 40 to 60
a mino a cidsthata reinitiated bythe g]ycine
-histidin e(G H)dipeptidell to 24residues
fr o mtheir N-te r min u s a nd e nd withthe W Ddipeptide atC-te rmin u s. Betw e e nthe
G Hand W D dipeptide s, therejs co n se rv edcore sequence(NeeretaI. , 1 9 94;Smith et
al･ ･ 1 999)I T he r epeating u nit,firstfou nd inthe s ubunitofthe G T P-binding protein
tr a n sduc er, ha sbeen r eferredto asthetran sdu c e r r ep at, the G H- W Drepeat, orthe
w D- 40 repe at･ Most W D- repeat do main sthe m se-v e s a re e s e ntial fo rprotein-
proteininteractions(Ya ngand SaJe･1998･Lifie ntafand Chang,1 9 8),but(acka D NA
bindingdo m ain. Me mbe r softhefa mily of W Drepeatprotein s, which have 4to 10
●
c opl e S Of W D repe at･ arein v o一v edin div e rse ceJfula rpathw ays su ch as slgnal
●
tra n sdu ctio n
, pre･ mR N Asp=cing･ tr an s c riptJ
･
o nafr egufation･ cyto skeJetaf as s e mbJy,
and vesic u一a rtr a#ic(Neer etall 1 94)･ Jn r ec entlydete rmin ed c rystalstructu, e of
G T P-bJ
.
ndJ
'
ng pr ote Jn ran Sducin(Wa‖ eta/” 1 95;So ndek eta/,
,
19 96), atandem
a ray of W Drepe atsfo r m a pr ope‖e r-like structu r e･ Ea ch ofthe W Drepe atsfolds
into aserJ
'
e s of fo ur β -ple ated she etsthata rea rranged in a n a ntiparaIIeJfashio nto
createtheindividu a=)Jades oftheprope[Je rdo main(Ne er etal” 1 9 6).
Tw o c u[tivars of P･ fr utes c e n s
,
red(Akかjis o)a ndgr?e n(Ao -jiso)fo r m sare
kn o w nto have ad 附e re nt a ntho cya nin ac c um uJatio n･ Pu rpleJe a v e s ofAka-jjs o(P.
frutes c ensBritto n v a r. c rispaThuab), whichcontainhigha m o u ntofa ntho cya nin,have
be en tr adito n a[Jy use as afood coJo rant and m edicinein Japan, C hina and Asian
CO u ntrie sfo raJo ngtim e.
T he CD N Acfones e n c odingthe c atafytic e n zym e sin v ofv ed in antho cya nin
biosynthe sis, chalc o ne syntha s e (C HS), fla vano n e 3叫dro xyfa se (F3H),
dihydrofla v on o1 4ィedu cta s e (DFR), and U D P gluc o s e :fJa v o n oid 3 0
gfu c osy[tra n sfe ras e(3 G T), w e r e･J
'
s ofated fro m CD NA =bra rie sde riv ed f, om the(e a ves
ofr ed fo r m of P･ frute soe n sbys c r e e n - ng withpaniaffragm e nts amplified byP C Ra nd
hete ro(ogous cDN As as probe s(Gong et aI., 1997). T he deduc ed am.
.
n o acid
s equ en ce ofthe se gen e s exhibited 40-90% ide ntity with tho se repo rted for the
c o rr espo ndJ
'
ng gene fr o m othe r u n r elated spe cie s(Saito et a/” 2000). The tD N A
e n c odJ
'
ng a nthocya n J
.
din synthas e(A NS) a nd U D Pgfuc o s e:a ntho cyanin 5- a
g(u c osyftra n sfe r a se(5G T), e n zym es ofthe a ntho cya nin pathw ay, w e r e a[s ois olated
from red andgre e nfo r m s of P･ fr ute sc ensbydi旅∋r e ntiaf dJ
･
splay ofmR N A(Ya m a z akj
etaI
”
1997;Yam a z akietaI., 19 99).
The proposedregulato ryfa cto rsM Y Ca nd M YB hom ologes w e r ein ve stigated
J
'
n p･ fr ute s c e n s･ T he Myc
-like ge n es･ Myc-rp a nd Myc
-
gp, w e reisolated fro mthe
le a ves ofred a ndgr e e nfor ms of P･ fr ute s c en s(re spe ctiv ely)bysc rening with De/I
･
/a
CD N A fro m Antirrhin u m m aJuS･ T he Myc -rp ge n e sho wedthe equaJexpres sionin
le a ves and ro ot of both r ed a nd gre e nfo r m sbut M Y C-G Psho w∝ = he chanョe Of
a min o a cidatpo sitio n1 32
nd
･ T he hete r o[ogo us expres sion ofthese tw o a‖ele sof
MyoIBike ge ne r es ulted in an incr ea se ofthe a ntho cyanin co ntents in tra nsge nic
tobacc opla nts(Gong etaI･ , 19 99b)I The Mybrplge ne wa siso(ated byscre eningfor
diffe re ntially e xpr e s s ed Myb･reJatedge ne in r ed a ndgre e nfo rm s of P. frutescen s.
Expr essio n ofMyb-plisin c r eas ed10-fokh
･
nthered fro mr elativ etothegr eenfo rm of
P･ frute scens, a ndthe gene expre sJ
'
onisinduced by=ght(Gong etal･, 1 999a). ”
yea stsyste m, M Y C-R Pa nd M YB･Pl e xhibJ
'
tedtr a n s a ctivatio n a ctivityo nthepr om ote r
of dihydrofla v o noI 4･redu ctase(D FR)ge ne fro mP･ fr ute s c e ns(Gong etaI., 1999b;
Gong etaI. , 1999a)
Gen e side ntified to be responsib-e fo r antho cyanin bio synthe sis are
Prefe r e ntiaHy o r ex c[u siv ely expre s s ed in antho cya nin produc [ng tis s u es. In this
study, a n o v e一anllho m ologue ge n e, Pfwd w a sis olated fro m red P. frute s c e n sand
cha racte riz ed by o v e r e xpr es sion in Ar abI
･
dops I
･
s thaI/
･
ana The W D･r epe atprotein
n e verhas be enfo undto a ct a se n zym e sbut are ofte nin v o[ved in pr otein -protein
inte ra ctio n･ Combin ato ria=ntera ctio n sbetw ee ntra n s c riptionfa cto rs ar ethe c e ntral
imponan c eto r egu一ation ofge n eexpre s sio n .
･
n eukaryote s(Grote w ofdetall , 20 00).
T hu sthe protein-pr oteininteractio na mong P F W Da nd regulato ry protein was als o
in v e stigatedto re v e a= he functio n of P F WDin r egulato ry n etw o rk of a ntho cyanin
biosynthe sis.
CM A PT 監閃 O N E
e責o m mg a nd cha 柑 C蜘iz a伽 m o菅cDN Ae n c od盲mg apu昔a伽 e
■
柑guE晶 蜘 ypr o骨e盲m c omせaimimg W D-repe atsim a m伽 cya m盲m
bio sym骨的e sisず柑 m Pe rg
'
l!atr ute s c ed7S
A bs昔柑 C昔
The W Dィepe atprotein s a refo u nd in euka ryote s a ndplayanimporta ntr o一ein
the regu(ation of a wide v a riety of c el[uJarfu n ctio n ss uch a s slgna-tra n sductjon,
tra n s c ription･ a nd pr olifer atio n･ fnthis study･I in v e stigatedthe cJo n f ng Of a no v el
W D-r epeatgene, Pfwd･fr o mPe n
'
/Ia fr ute s c en sbys cree nJ ng CD N A libra ryofthe r ed
le a v e sP･ frutesc ens with anll CD N A fro m Petu n I
･
a hybrida as the probe, which
e n code sa regufato ry protein ofa ntho cyanin bio synthe sis･ T he cha r a cterizati
,
on of
M =ength CD NA re v e aledthat Pfwd CD N Ac o ntain s14 11ba se paw s, e n c oding a
Predicted pr otein of333a min o a cids･ T he dedu ced a min o a cidsequ e n c e shows
81･3 % ide ntity withthatofanll fro m P･ hybn
'
da. The C-te r min alreg10 n c o ntain sW D
r epeat thatishighly c o n s e r v ed in s evera一protein s e venfro mthe orga nis m s s u cha s
ye a st･ n em atode s a nd m am m a(sthatdo n otprodu c e a ntho cya nin･ Num er o u s site s
of putativ e posトtr a n slatio n a] m odifc atio n, s u ch as N - inked g]yc o sy-ation,
myristoylatio na ndpho sphory[atio n site s, w e r e als oide ntified.
閃℡S uB亀S
Mole c ularc/o n/ ng
The200
, 0 0clo n e sofCD NA Jibra ry prepa red fro mr ed 一e a v es of P. fr ute s cen s
w e re s c ree ned with32p-[abe‖eda nllcD N A from P
. hybn
･
da CD N Aasthehybridizatio n
Probe(de Vette n etaI･, 1 997)･ After w ashing m e mbr an einlo w stringe n cyc ondJ
･
tio n
,
2 po sitJ
'
v e clo n es w e r e obtained. Both ofclo n es sho w edthe s a m es equ e n c e･ T he
Seque nce a n alys fS re v ea一edthat thefu‖(e ngth CD N A, Pfwd, c on sisted of 1411 ba s e
PaJrS COntain Jng an open re adingfr am e e n c oding a pr edictedprotein of333 amin o
a c J
'
ds(Figu r el･2A)･ The c alc u一ated mofe c ula r m a s s ofthe e n c odedpr otein w a s36.8
kDa ･ T he 3
'
- u ntran s]ated reg] on of Pfwd c o ntain sthre eT ATTm otJ
･
fs
, a s eque n c e
tho ughtto c o nfer mR N A in stabi)ty(Re e v e seta/. , 1 9 87).
Str u ctura/organ/
.
zatio nandc o mparI
'
s o n w I
'
th othe rW D- repe atprotein s
Se veralpote ntialpo st-tra n sJatio n alm odific atio n site s a repredicted in P FW D
byPR O S 汀E(Hofm a n n eta/I ,1 9 99)･ Tw oN-g[yco sy[atio n site s atpo sitio n3a nd 16,
fo ur pr otein kin a s eC phosph.orylatio n site s at 61, 189, 234, and 268 wer efo u nd.
P F W Da一s oha seight c a sein kin a seJIpho spho rylatio n site sat 4, 41, 5 4, 94, 1 28,
1 4 3
･
150･ a nd 274; a ndthr e e c otra n slation alN- myristoyJatio n site s atpo sitio n15 7,
1 79
,
304(Figu r el12A)I
Ide ntifJ
.
C ation of W D- repe at dom ains bJ B M E R C(ht m r - W d
show ed highpo s sibilityto be a m e mbe r of4 WD- repe atsin s upe rcla s sofWD- repe at
PrOtein s a nd sho w ed signific a nt simila rity betw e e nthe m(Figur e1.2 B). Diffe re n c e
v e rsio ns ofthis repe ating u nita r eno wkn o w nto o c u rin 50 di#e re ntprotein s a nd
s uppo s edto m eqiate protein-pr oteinintera ctio n(Ne er eiaI., 19 94). BLA S Ts e a rch
sho w sthat Pfwd w a sfo u ndto be clo s elythe s equ e n ce of a nll(de Vette n et a/”
1997)a nd T TG (Wa[ke r eta/I, 1999), with 81･3 % a nd7 7･8 %ide ntity, respectiv e一y,
Ba s ed o n similarity of a min o a cidsequ ence s･ the c o mpa rison of clo sely related
PrOteins andphyloge nictr e e w e r e showin Figu re l･3 A, B･ T hu s, the s eproteins a re
c o nse rv edr e m a rkably w eJfin va rio u s o rga nis m sfro mplants a nda nim als.
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Figur el･2 T he n ucleotide s equ en c e a ndpredicted a min o a cids eque nc e ofthe P u dCD N A. (A)Nucle oti由
S equ e n ce a nd its dedu c ed a min o a cids equ e n ce･ Theinitiado nc odo n(A T G), a nd T AっTmotif a rein bo[d
typefa ce･ The stopc odo nis repre s e nted by a naste risk･ ◎, pote ntial N-g少c o sy(a紬 n site;A , pote ntialc a s ein
kin a s eIIpho spho rylatio n site; 鮪 , pote ntial protein kin a s eC pho sphory[ation site; ★, pote ntia( N-
myristoy[atio n site･ (B)Co mparis o n of W Drepe ats ide ntifie ⊂= n P F WD with the W D- repe at c o n s e n sus
S equ e nc ede scribed bySmith etaI.(1 999). The a nim o a cidsthat a reide ntic al o r sim‖arto the c onse n su s
S equ e n c e a re sho w nin boldfa c ed T he o v e r-Iin es regio ns are predictedtofold into beta -strand.
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Using PfwdCD N Aas probe, 1 conducted Southe r nblots ofgen o mic DN A digested
with e n zym esthathave u niqu e re strictio n sites(Ec oRl, EcoR V)o r no restriction sites
(Hin cdH, X bai)withinthe cD NA･ Tw o o rm o r ebands w eredetectedin dige stio n with
Ec oR V
･
HI
'
nd[4, and X bal･ A umqu eband w a sdetected in Ec oRl digestio n･ The
restrictio nfragm e ntlength poJymo rphism (R FLP)indicatedthat the r eis onlyfittle
div erge ncein Pfwdge n e sbetw e e n r edandgre e nfo r ms of P･ Frute s c e n sindige stio n
with Ec oR Va nd X ba書･ lnthe similarity withthe data ofthe Myc-rp r egufato ry ge n e
a nd the stru ctu r a一gen ein a ntho cyanin pathway(Go ng et a/J 997; Go ng eta/”
1999b), the s e r e sults e xhibita c[o s e simila rityin gen o mic o rgan J
'
z ation betw een red
a ndgre e nfo rm s(FJ
'
gu r e1･4)I The s e r e su[ts s ug ge stedthatPfwd mightpre s e ntat
le a st tw o c opl e S Withinthegeno m e of P. fr utes c e n s.
T hege n omic D N A in O R FregJO n Of P･ fr ute s c e n sred fo r m wa sa mp=fjed by
P C Ra nd sequ e nced･ T he re s ultsho w edthatPfwd ha s n ointronin O R Fregio n of
9e n Omic D N A.
U b/
'
quito u s e xpr e s sion of Pfwd m R NA
No什hernb[ota nalysfS OfRNA is olated fr om diHe r e nt tissu e sofr ed a ndgree n
fo r m sof P･ fr utesc e n s u slng CD NA a sprobe show ed a tra n s c ript ofabout 2.1 kb-
le ngth･ As sa me a sthe Myc
-rp･ Pfwd m R N Aw a s ubiquito u slye xpr e s sed in v a rio u sJ
tJ
'
s s u e s
･
nam ely ste m andr o ot･of bothred a ndgre e npJa nts･ Ho weve r slightly more
abu nda nt expre s sio n of Pfwd mR N Awas obs e r v ed in red plant a nd a ntho cyanin
Produ cingo rga n s whe n c o mpa r ed withthe e xpre s sio n ofgr e e npfantandr o ot(Figure
1.5).
Co mpa ris o nof dedu ced amin o a cidsequen c e of Myc-rp deriv ed fr o m r ed
pe r‖a withthatof Myc-gpde rived fro m gre e nper‖aindic atedthat the 132
nd
amin o
a cid
,
a[anin e
,
e xistingin M Y C-R Pwa s changedto s e r舌n ein M YC･G P(Go ng eta/.,
19 9b). T he Pfwd cD N Acro n e s w e r e a mp=fied byP C Rfro m red andgre e nfo r ms
a nd sequ e nced. Contradictoryto MY C-G P, P F W D do e s not exhibit the a mino a cid
diffe re nc ebetwee n r ed andgre e nfo r m sin O R Fregt o n･
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Figu rel･4･ So uthernb一ot a n a一ysis ofg?n o mic D NA fro mred(R) a ndgre e n(G)form s of P･ frutesce n s･
Ge n o mic D N As(25LLg e a ch)w eredigested with Ec oRl, HindlH, Ec oFNa nd X baI, re spe ctiv e(y. The blots
w e rehybridiz ed withthe CD NA cro n e ofregulato ry ge n e sfro mP u d(A), Myb-pl(B)a nd Myc-rp(C).
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Figu rel･5･ Northernblotanalysis of P b d･ Gen e e xpr es sio nin一eaf, stem and r ∞tfro l red(R)
andgrebn(G)fo rm s ofP･ frutes cen s･ The sam eb(ots w e re hybridiz ed withactin probe■to va r汀y
thatsimila r am o u nts oftotalR N A had be en(oadedo n e ach Iane .
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Indu ctio n of Pfwd m R NAe xpr e s sio nbyLI
･
ght
The expr e s sio n ofthe gen ein vofv ed in a ntho cyanin bJ
l
o synthesis has be e n
sho w nto be J
.
nduced by一ightin seed=ng ArabI
'
dopsI
･
s
,
m aize andgrape(Kuba s ek et
aI･, 1 9 2; Taylor a nd Briggs, 1990; Spa rv oljet all , 19 94)･ We in vestigatedthe
r espo n s e ofge n e expres sio nin m atu r eplantofP･frute s c e n sgr ow nunde rweak tight
(<480 lux)fo rthre e we eks being subje ctedto contin u ous str o ng white =ght(14,0 00
Ju x)at 25℃ ･ Nonhe r nb一otw a speHo r m ed bytime- co urs e expe rime ntin co mparing
withthe other a ntho cya nin bio synthesisge n e s(Figu r e1･6)･ Beingsimifarto Myc-rp,
the expr e s sio n of Pfwd mR N Awa s slightlyindu ced du ringe arly stage oftim e- c ou rs e
thatw a sfa sterthantheindu ction ofstr u ctu ralgene s afte rthe str o ngBightinductio n.
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Figu rel･61Indu ctio n ofthe e xpre ssio n of Pfwd, Myb-pl a nd Myc-rpreguhto ry ge n es, a nd s廿u ctu ralge n e s
u nderlightirradiatio n ofred P･ frutes c e n s･ T he pla ntgro w u nder w e ak ‖ght(<480)fo r廿1re e W e eks w el笥
ilumin ated with stro nglight(14,0 00 tux)fo r1, 3, 6, 9, 12 and24 ho ur. Poly(A)' R N Aw a sisdated fro m
一e a ve s aⅠe a ch tim ea nd hybridiz ed with e a chCD N Are spe cdve[y･ T he s a m eblots w e rehybridized w 仙 a ctin
probe to v el吋 thatsim‖ar a m ) u nts of R N A had be e nlo aded o n ea chla ne. Ro otindicate spoly(A)＋ R N A
fro m ro ots ofred P. fTute S C e n S.
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D責S c u S S責o m
Ev o/utio n a ry c o n ser v atio n of W D- repe atpr oteI
･
n sin str u ctural a nd pre s u m ablyJ n
l
fu n ctio n sin thera m /
P
ly
To is olated W Drepe athom ologue･ the CD N A (ibrary w as s creen ed with
Petunia a nllatalo w stringe n cy･ Tw o crones w erepickedandcharacten
･
z ed. The
s equ e nc e of CD NA share s一ocal hom olog-es with a nll. A putativ etran scriptionaf
initJ
.
atio nsites a nd W Drepeatsin the dedu c ed amin o a cidsequen c e w e r e als o
jde ntified･ Ba sed o nthe distributio n of W Drepe ats, W D-r epe at protein s w e r e
gro uped intw o c(a s s es1 On ein whichthe protein s a re c ompo sed alm o stentiretyof
W D-repeatdo main s, a s e c o ndgroupJ n Which WDrepe ats a r er e strictedto eithe rthe
N-terminu s o rC-te r minus(Ne e r eta/･ , 1994;Ba s sieta/., 1 99). Protein s ofthefi(st
group a re ofte n s e en in G -proteinβsubu nits(Po ng et. a/J 986) a nd so m e othe r
s [gn a=r a nsdu ctio n r elatedpr otein s s uch a sthe re cepto rfo r a ctiv atedpr otein kin a s e
C(LiJie ntala nd C ha ng, 1998). The pr otein sin the s e c o nd gro up arein v olv ed in
div e rs efun ctio n s a sR NA pro c e s sJng, tra n s c riptio n regulatio n･ v esicula rtraHickjng,
cyto skefetaJa s se mbly, a nd ce‖divisio n c o ntrol･ By a naJys lS Ofthe PFW Da min o
a cids eque n ce, I obs e r v edthe pre s e n c e offourpredicted WD r epe ats which a re
rem a rkab(y wellco n s e rv ed a m o ng pla nts･ yeast･ n e m atodesto hu man s, suggesting
the impo rtan c e ofthe s edo m a J
'
n sforthe re fu n ctio n s･ From pre vio us r epo rt(de
Vette n et
.
a/･･ 1997),itha sbe e n sho w nthatWDィ epe atprotein ofplants, ye a sta nd
hu man s a refu n ctio n aJfyinte rchange ab[e･ Ye a st W D- repeatprotein ca ns ubstitute
fo r Petu n I
'
a a nllm uta nt･ This r e s ult sugge sts that the capa city to inte ra ct with
refeva ntc ompo n e nts ofthetran s c riptio n aJ m a chin e ryha v ebeen c o n s e rv ed in p一a nt
andanim a一.
T he pn m a rystr u ctu re of P F W Dis cla s sifiedinto agr oupofproteins with fo ur
W Drepeats, thatis abletofo r m a stru ctu r alu nit,typic a”yaβ -propelle rfold(Smith et
a/
”
1999;So nde x eta/” 1 9 96). On epo s sible c o m m onfun ctio nalthem eisthat the
W Dィepe at p｢opelte r str u cture c r e ate s a stable platfor m that c a nfro m re v e r sible
comp一exe s with several protein s and c o o rdinate sequentia一 and/o r sim ultan e ous
proteininte ractio n(Smith eta/J 999;Neer etaI. , 1 94).
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Po s s/
'
ble m odI
'
fI
'
c ation ofPF W D
Po st-tra n s criptio nal m odific atio n sappe arto beimpo rta ntin modulatingthe
a ctivitie s of tran s c riptio nfacto r s su ch a s D N Abinding' n u cle a rtr anspon, and
a ctiv ation/repre s sio nthro ughprotein-proteininte ra ctio n s(Me shja nd lw abuchi1995).
T he r e a re alarge n u mbe r ofrepo rts sho w l ngthattr a n s c riptio nfa cto r sarefu n ctio n ally
m odu一ated by pho spho ry[atjon/depho spho rylatio nin yeast and a nimals(Ka rin and
Hu nter1 995, H ‖a nd Treis ma n1995)～ Sin c eitis e vide nt thattr a n s c riptio nfa ctor s
a re m ajo rtargetsin v a rio uskinds ofsign altra n sductio npathw aysthatm a nykin a s e s
and pho sphata s e s m ediate, identific atio n ofkina s es andtheirtargetsis helpful in
unde rstandingthe c o ntr o一ofgene e xpres sio n･ Als oin pla nt, the rea re a n u mber of
reports sho wingthattra n s c riptio nfa cto r s a re moduJated by phospho ryJation(Se s a et
a/
”
2 00;Gu etaI･, 20 00;Cic e rieta/. ,1 999).
Seve ra暮pote ntiaJpo sトtra n$latio nalm odific atio n site spu n ctu atethe s equ ence,
n otably N-Glyc o sy[atio n, pho spho rylatio n a nd myristoy[ation sites. P FWD has
thre eputativ e myristoylation site s･ Many N- myristoylated proteins ar e m e mbra n e
bo u nd a ndca nbefou nd inthe pla s m a me mbr a n e o r othe rintra cellu暮a r m e mbra nein
e uka ryotic c eIJs･ (Re sh 1 9 9) Mo re o v e r, this protein a[s ohas s e v e ral pote ntia一
phospho ryJatio n site sby
.
protein kin a s eC(P CK), and c a s ein kin a s efL With N-
myristoy]atedpr otein sthatare aP C Ks ubstrate, m e mbr a n ebindingI S r egulated by a
myristoyle[e ctro static switch･ Pho spho rylatio n ofthe s eprotein sbyP C Kre s ultsin
reductio nthe e暮e ctr ostaticinte ra ctio n s a nd displa ce m e ntsfro m m e mbr a n eto cytos o(J
(Rash1999).
T he pr ese n c e ofpote ntial myristoy[atio n site s within P FW D maytherefore
indicate m e mbra n e a s s o ciatio n ofthe pr otein･ An alte rn ativ epropo sitio nisthat the
proteinis pr obablyLo c ated e[s e whe re othe rtha np
,
Ia s m a m e mbrane, whe reit m ay
panicipate in s oJute o r s ubstrate s ens-ng a nd uptake ･ T his protein may be a
r egulato ry pr otein that actsin inte r m edia ry proce s s ofthe tra n spo rt step･ ln th.is
r ega rd,it m aybe m odified by protein kin a s e, a nd s witchto regulate fu n ctio nl N -
G暮yc o sylatio n site s, on e ofpo st-tra n s一atio n site s, w e re a一s ofound inthispr otein･
PF W Dm aybein v olv edvario u s r egulatI
'
o npathw ays
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The mR N Aexpre sio nof M Y B-Pl regufato ry pr otein cJa s s sho wedJ
･
n s om e
but not a‖ tis s u e s･ Co ntr adicto ry with PF W Da nd M Y C-R P
, that sho w ed the
ubiquJ
'
to u s e xpr e s sio n s･ ev e nin the n o n-pJgm e nted o rga n s, but P FW D do e s not
indicatethe a mino acid di旅∋r e n c ebetwee n r eda ndgr e e nfo r m sin OR F Le ngth a s‥ke
a sM YC-R PI T he expressionlev eJof PfwdmR N Aw as r elativelyhigh intis sue sthat
Produ ce a ntho cya nin, wh‖e it w a s relatively -o w in tis s u es that Je s produc e
antho cya nin･ Pfwd CD N A is hom oJogu eto the TT G loc us that r egulate s s e v e ral
developm e ntala nd bio chemJ
L
calpathwaysin Arab]
･
dops IS,in cfudingthefo rm atio n of
tricho m e son(ea v es
,
stem s anda nthocya nin pfgm e ntSin ae riafpan. T he homoJogy
a m ong W Dィepe at pr otein sugge sts that this protein m ay be inv o-v ed gene raJ
fu nctions in r egulation pr oce ss of various spe cie s･ This e vide nc e s ug ge sts that
P FW Dm ayprayrolesjn varietyofdiHe re nto rga ns a nd in v a rio u spathw ays･
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Ov e rexp『e s S着o m amd ずu m c朋o na書a m aqys 椅 0ずP F W Dprotein
II
A bs肘a cせ
Jn this chapte r, o v e r expr es sion of P FW D in Arab/
･
dops IS and E. c oli,
s ubc elJu(arJocalization of P F W Dandprotein-pr oteininte raction of PF W Dand other
regulato ryfa ctor s werein vestigatedto e xa min ethe ro一e of PFW Dinthe reguJatio n of
a ntho cyanin bio synthe sisI Thetra n sge n J
L
c ArabI
･
dopsI Spla nts overexpr e s sJ ngP FW D
e xhibited v a rio u s phe n otypIC Change s in cfudjng e nha n c e m e nt of a ntho cyanin
Pr Odu ctio n･ Ov erexpr es sio n of PFW DaHe ctedto viability ofpla nt. Overexpr es sio n
in E･ c oII
'
show ed weake xpr es sio nband of M B P: F W D fusio n. T hefusio npr otein of
P F W Da ndβ -gfu cur on J
'
dase(G U S)tra n sie ntly e xpr e s s ed in o n J
･
o n epide r m af c ells
wa sIo calized in the cytosd unde rboth da rk a nd =ght conditon s･ The study of
inte raction a m ong P F WD a nd a ntho cya nin regulato ry proteinsin ye a st tw o-hybrid
system show edthe str o ngintera ctio nbetw e e nP F W Dand M Y C-R P
,
and betw e e n
M Y B-Pl a nd M Y C-R P･ Bythe c o mbin atio nbetw e e nPF W Da ndA N L2c o ntaining
ho m e obox do m ain･ a faintinte ra ctio n w a s obs e rved. [t
,
s po s sible fo r a n etw ork
m odelofgen etic r egufato ryinte r a ctio nthat thePFWDprotein m aya ctJ
･
ninterm edia ry
Pro ces s Ofsign a一tran sductio n sin v a riety ofpathw ays a ndtra n sfer slgnalto protein s
su ch a s M YC fa mily protein sto a ctiv ated spe cific gen e expre s sio n. MY B-Pl a ndJ
M Y C-R Pare s up po s edto act･ at the s a m e r egulatio nre v el do w n stre am of P F W Dto
initiate a ntho cya n J
'
nform atio n.
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Tran sgen I
'
oArabI
'
dopsis o v e nxpress/ngpfwd
To ex amin e whether PF W DpJays r o一ein the regulatio n ofthe a nthocyanin
biosynthesis, thetra nsge nk ArabI
'
dopsISPlants o v e r expre slngP F W Dwerec r eated.
T he BodingregJO n Of PfwdcD NA wa sin s ened jn T-DNA ofp=TT202u nde rcontrolof
the str o ngca uliffow er mo sab vir u s3 5Sprom oter witha m arkergene N P TI/co nfemng
kana mycin re sitant to co n struct PP FW D(Figu r e2･1 A)I A･ thalI
･
a na e cotype
Columbia w as tra nsfor m ed with Agrobade riu m tum efacI
･
en s c 58Cl harboring
PP FW D･ T he 40 indepe nde ntka n amycJ
･
n re sitant tran sfo rm a nts were obtained.
Fifte entr ansfor m ants90fthe m show ede nha nc e m e ntofa nthocya nin pJgm entin ae ria一
Part(Figure2･1 B), simihrto the M Y C-R Po verexpression jn toba c o andt｡ m at.
(Gong eta/･ 7 1999b), a ndr edu c edr oothairas sho wnin FJ･gu re2.2. A ‖tr a nsfo rnla ntS
thatexhibJ
.
tedthe s ephe notype shada slo wgro wthrate a nd died in 2-8 w e eks. The
tra nsform a nts surv NIng after 4 weeks sho w ed incre a s ed tricho me de v elopm ent
(Figure2.2).
i;xpres s I
'
on of P F W D fu sI
'
o nprotein I
'
n E. c o/i
The PM A L- c2 e xpre s sio n v e ctor w a sus edto e xpre s sPF WD as afu sion with
M B PJ
.
n E･ co/I
'
(F]
(
gure2･3 A)･ T hele v elofe xpres sio n of M B P: F W D fu sio njn E. c o/i
w a s mo nito r ed by ex am -n lng a Coo m assie Briuia nt BJu e- stained S D S PAG Eof
s o]ubfe ceHextra ctstakenbefo r eandafte rindu ctio n with 0.3 m M IPTG. Afte rIPTG
indu ction･ a w e ak ba nd with m oJe c u(a r m a s s ofappr o xim ately81 kDa appe a r ed in
compa re with P F W Da ntis en s e e xpre s sio n･ T he fu sio nprotein wa spurified by
amyfo se r e sin c olum n, whichpu rifiedtheprotein oftheba sis ofaffintyof M B Ppo rtio n
of fu sion to the re sin. T his c orr e spo nded to the M B P: F W D fusion, which hag a
Predicted m oJe c u]a rm a s of7 9.5 kDa(Figu r e2 3B).
Subc eI/u/a rloca/iz aLio n of P F W Dprote I
'
n
T he N-te r min a一reglOn c ontain sbasic residu e s, which e xhibits similarityto
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LEI
r[○ケdPtH
Jhn )Hl
P3 5S P A W
PP F W D(1 3kb)
BJ mN ] FtB
Flgure 2.1. Overxpre s sjon of P F W D in Alilbidopsjs thaliarla e C OtyPe Columbia. (A) Constru ction of
e xpr e s sion ve ctor wa s expre s s ed under c o ntrol of the c a uliflow er mos aic viru s35S prom oter a nd T 7
ter min ator. L B, lef( 2 5-bp repe at; R B, right 251bp repeat; no s･ nptlI, nopaline syntha s e- n e o mycin
pho sphotr a n sfera s eIIgene s(B)T he c ontrolplant(C):Theindepe nde nt transfor mants(l18)I
20
Co ntro1 Ir a n sfo r m ant
Flgu r o2.2. Phenotypic change s of ArBbI
'
dopsjs overexpre ssingP F W D(right)in c o mpa ring with ∞ ntroI
plant(le允)(A)Trichom edevelopm ent (B)R∞t hair reductio n･
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Ptac pfwd
pM B P: FW D(7-6 5 k b)
A S O 1 2 3 4
kD
94
67
43
30
一 一 喝均 一 - M a p:P F WD
叫 喝トー ー M BP
一 一 軒 P F W D
Figu r e213･ Expression of P F W Dfu sion protein in E･ c o/i(A)Co nstru ctio nof m attose -binding protein
(M B P)fu sio n vector･ Ptac,tac pro moter; m a/ E, ge ne which en codes m aLtos e-bindingprotein(M B P)(B)
S DS-polyacryfamjde gel electrophore sis showing protein e xtra cts c ontaining a ntis e ns e(Ia n eAS) or
s e n s e(lan e0-4)of Pfh/d cD N A･ Ba cte ria were u ninduc ed(一ane 0)orindu ced(lane 1)with [P T G. T he
P F W D bindngprotein w aspurified by(lan e2)and the purified protein wa s cleavaged byfactor Xa
(lane3,4). Numbers ontheleftar egive nin k Da.
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n uc[e ar[o c aliz ation signal(Figure2.4). Toin v e stigatetheintrac eHuJarlo c a=zatio n of
P F W Dprotein7 the PF W Dprotein w a sexpressed tra n sientlyas afusion pr otein with
β -glu curonida se (GU S)jn onion epiderm a[ c e‖s by pa州cfe bo mba rdm e nt. The
s ubce[fularlo caljzatio n offu sionprotein s w a sinitiafJy peげo rm ed histochemicaHyu slng
the X-gluc a ss ay(Jefferson 1987)･ AfterG U Sstain J
.
ng, tis sues w ere simultan eo u sJy
stained with the nu cle arspecific stain 4
'
, 6･diamidino -2-phe ny=ndole (DA PI).
Se v e ra一o nio n epiderm altiss u es wer ee xamin ed1 Onio n c eIIexpress lngP F W D:G U S
fu sio nprotein sshowed 一o caliz atio nofG U S fu sio npr oteininthe cytop-a s m u nderdark
a nd 暮ightin cubatio ns(Fig･ 2･5)･ TheJo c a】iz atio n ofthis protein w a s sa m e a sthe
ANl protein that was detected in cytopla sm fr a ction sba s ed on we ste r nblots of
fraction atedpetu nia coro‖a c ells(de Vetten eta/” 1 997).
Protein-prote I
'
n /
'
nte ractio na m o ngP F W Da ndothe rr egu/ato ryfa cto r s
To studythe regulatio n of antho cya nin bio synthe sis, J e x a mined whethe r
P F W D intera cts with the othe r regu[atory protein s u slng ye a st tw o-hybridsystem ･
T hefuL=e ngth PF W Dprotein wa s e xpr ess eda sbaits c a rry- ngthe Gaf4 transc riptio naJ
a ctiv atjo ndo m ain(A D)inyea stu sing PA C T-2 v e cto r(Durfe e etaI” 1993). T he O R F
of Myb
-
pl and Myc-rp(Gong etall 1999a)fro mP･ fr ute s c e ns and A N L2 c ontaining
ho me oboxdom ainfr o mA･ thaII
'
an a(Kubo etal” 1999), a sthe repr e s e ntativ e of M YB,
b H LHa nd H D family re spe ctive一y, w e re clo n ed infra m eto the sequ e n c e e n c oding
D N A-bindingdo m ain(D N A-B D)ofGa14in pAS2-1(Duげe e eta⊥, 1993). Thetw o
type s of hybridp[a s mids a r e c otra n sfo r m ed intotheye a stho st c e”s, which c a rri6sthe
G ALIpro m ote r(inkedtothe repo rte rge n ela cZ･ T he ye a ststrain sca rrylng PFWD
fu sed A D in c o mbin atio n w ]
'
th M YC-R Pfu s ed D N AI BD sho w edthe str o ngint.e r a ctio n
betw een P F W Da nd M Y C-R P(Figur e2.6B)I. AIs othe co mbination of MY C-R Pa nd
M Y B-PI show ed the inte ra ctio n. T his re s u[t s uppo rted the data of intera ctio n
betw e e nG L3ge n e(b H LHc o ntain-protein)a nd TT G(W D- repeat sim=a rto PFVVD)o r
G Ll(M Y B like protein)in A･ thaII
'
a n atricho m ede v elopm e ntpathw ay(Szym a n skiet
a/., 20 00). Ho w ev erthe yeast strain c a rrying a nd PF W D fu s ed A D in c ombinatio n
with M Y B-Plfus ed D N AIB Dsho w ed n ointe ractio nbetw eenthe m. ln c o mbin atio n
betw e e nPF W Dand A NL2, the yeast str ain sho wed a faint e xpres sio n ofr eporter
gene･
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Cytop(a srnic
PF W D
T T G I
A N l l
H S l- Cys
Nuc一e ar
SP A I
P E R I
C O Pl
N m V A V G S. F V E E‥ L m H‥
‥ ‥ . .
. G H R エA V G S. F LE D‥ Y 皿 ‥ . . . ‥ .
P R m = A V GS . F 工E 臥, L N N R‥ ‥ ‥ ‥
. E 筑L F P K G V. F T K E‥ LP S G E R Y L R Y T P
N m P V V E ES S S G G R D SZC m‥ ‥ ‥
. m F PQG F. E T A D. . LP SK XG Y L R F T R
R m I H AQFN D LQE C Y IJQ m Q . L A‥ .
Figu re2･4 ･ MuJtipJe a(ignm ent kagm e nts ofprotein c ontain ba sic residues･ Bold fette r, basic amin o a cid;
Dots･ gapsforoptim al ah
'
gnm ent P F W DI Pe rma h
･
ute scen s;T T Gl, ArabI
･
dcpsls 酌a//
･
a n a(AT H1 337 43);
ANll･ i?etu nI
'
a hybr/
I
da (U 9 4748), HSl- Cys, Ho m o s ap/
l
ens(6); S P Al, A･ tha/)
･
ana(A F 13 5 455);P ER l,
Ho rdeu m vu/ga re(X96 551);C O Pl, A. tha/ia na(ABO1 2 912)
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Figuro 2.5. Subc e”ular[o c aJizatio n ofPF W D:G U Sfu sion proteinin onion epide r m arc ells. (A)Constru ctio n
ofexpres sion v ector were expre ssed u nder c o ntrolof the ca uliflow er mo s aucvirus 3 5Spro m ote r and no s
ter minator. (B) Histo chemic al lo c aliz atio n oftis s u e sw a s sim ultane o u sly analyz ed u sJng both X勺ru C
histo chemic alstaining a nd nu clei-specific DA PIstaining.
ÅD
DN A･B D
GA LlW A S Prom ol胞r β - ga丑a cto sidase
Tra m s c軸 紬 m
AD‖1
A D Ml
E冊e cto㍗
GAL4 B(= 4 7)
GA L 4 A(76 8-881)
G A L4 B: G A LA binding do m ain;G A L4 A: G A L 4 tra ns a ctiv atI
･
omdo main
Y : X β ･gada ctbsida s e activity
Po sitiv e c o ntrol
Negativ e c o ntrol
PFW D : MYC- R P
P FWD : MY B- P l
P F VVD : A N L2.
M Y B : M Y C
＋ ＋ ＋
＋ ＋ ＋
士
＋ ＋ ＋
Figu re 2･6･ Protein-proteinintera ctio nin ye a st tw o-hybrid syste m(A)The schem atic diagram oftwo-
hybrid syste m･ [ntera ctio nbetwee nthe X a nd Yportio n s rec o nstitu es G A L4 function and res u[ts in
e xpre s sio nofrepo rterge n e(β-ga]a ctosida s e)･ A D, a ctiv atio ndo m ain;D NAI BD, D N A bind ngdo main;
U A S
･
upstream activatio nseque nc e･(B)Expression ofβ-gaJa cto sidase activityin ea ch c ombin ation
ofprotein s.
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m旨S c u S S雇⑳m
Va riousfu nctio n sof P F W D
Thisisthefirstrepon thatsho wed stabfe o ve rexpressio n ofthe W D-repe at
Proteinin plant. ln transgenic plantof ArabI
･
dopsIS O V e r e XPr e S Slng PF W Dsho wed
in c re a se ofa ntho cyanin co nte ntand de c rease ofr o othair nu mber s･ ” Ar abidopsIS,
itiskno wnthat TT G(Pfwd hom oJogue)encode snegativ er egulators ofro othairceJl
differentiation･ o r aftern atJ
-
v efy･ posJ
･
tiv e r egu[ato rs of hairle ss c eJIdifferentiation
(GaJw ays eta/･･ 19 94)･ Jnthis expe rim e nt･ m o rethan4- w e eks- oklpfants sho w edthe
in c r eas ed n u mbe r oftrichom e s･ T his data s upponedthatTT Ggen eisrequir ed.fo r
trichom einitiatio n(Ko om n eef1981)･ T he r e c e nt[y e xpe rim ent reponedthatA Nll
Protein, a n a ntho cyanin regulator, e絹cie nt[yc o mple m e ntsthettgl
-1 m uta nt(Payn e et
a/･
･
2000)I T he pres e ntdata sug ge stedthat the o v e rxpr e s s･ion of hete ro(ogo u s
P F W Dinte n sifiedthefu nction ofe ndoge n o u sTT G･ A nofKm re sJ
･
sta ntArab]
･
dops/s
tra n sfo r m ants that sho wedthe s ephen otypic cha nge s(a nthocya nin o v e rp odu ct.
I
on
and ro ot hair m embe r r edu ction) could n ot s u rvi e afte r 8 w eeks. T he
o v e r e xpres sio n of P F W Dhas n ot o nly sho w n v a riou sphe n otyp[c cha nge sbuta一s o
reta rdation of･ gr o wth de veJopm e nt a nd Jethaf ofp(a nt, while the othe rgro ups of
tran s c riptio nfa ctor s u ch a s M Y Bo rM Y Cgroup ha v e relatJ
r
V ely spe cific effectin
a ntho cyanin p]gme ntatio n･ T his r e s uJtreve althatp[a nt viabiltyis s en sitiv eto Pfwd
ge ne do sage as sam e as T T Ggene (Szym an skJ
.
et a/. , 1 9 98). T hu s, the
ove r e xpres sio n r esu[tsin e x c e s sP F W Dproteinthatc a nI)
･
trate othe r r equiredprbteins
a wayfr om the ge n eta rgets n e eded forthe otherde v elopm e ntpathwaysthr o ughthe
pr otein -proteininte ra ction.
Tox /
'
ciyof P F WDI
'
n bacte rI
'
a/syste m
We c o uJdn ota chiev ethe eficie nte xpre sion of P F W D in E. coII
'
(B L21)u sing
PE Tvectorsyste m(data not shown), butc o uld hav elo w expr e s sionin E. coli(No va
Blue) u sing pM A しc2 v e ctor system (Figu r e2･3B). T his W D- r epe at protein is
ge neraJ[yfo u nd ]
L
n vario us spe cie s e x c epting ba cte rial From chapte r o n e, P F W D
Protein sho wed po st-tra nslational m odification sites of N-g-yco sylatio n･ Bacte ria一
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syste ms c omplete一yJacktheglyco sy】atio napparatus(Se edo rfeta/., 1993). So me of
Proteinthatha sthis m odific atio nsite also c o u一dn otbe e xpre s s eda sactiveproteinin
PETv e cto rsyste m(She riffeta/. ,1 995).
Cytoso/iclo ca/iratI
'
o n
Many pfa ntprotejnsco ntainingN LS(Nucfe a rLo caliz ation Signal)sho wedthe
‖ghtr egulatJ
'
o n ofn u clocytopJas micpartition(Sta c ey eta/” 19 9;Kirche r etaI., 1999;
Sta cy etaI･ , 19 99;Jia ngetal･,1 998)･ PF WD w a sfo u ndtoro caliz einthe cytos oJ(Fig
2･4 B), despite ofthefa ctthatthe N･ter minaJsequ e nce show s simi[a ritytotheputative
N LS(Fig･ 2･4)I ltis po ssible that the reducedpo sitive cha rge ofthe P F W D ba sjc
r eg10 nisto o we aktofa c=itate n u c[e a rimpo rt, o rthe se n u clearlo calizationisdir e cted,
ad dito n aHy, a sdom ain sin v olv ed inthe othe rfu n ctio n s.
Inte r a ctio n withothe rtra n s c rI
'
ptio n al 由ctors
Network m odels of ge n etic r eguLato ry inte ra ctio n a re dyn a mic al
r eprese ntatio n s of m o[e c uJa rinte ra ctio n. T he gen e ralprL n Ciple oftr ans criptio n al
r egulatio n a m o ng o rga nis ms ha s a sim‖ar rolethatpro m ote rs o r e nha n c e re[e m e nts
are r e c ogn [z ed by r egu一ato ry tr a n s c riptio n al fa ctor s･ M a ny type s of regulato ry
PrOtein sha v ebe e nide ntified by u s (ng partic u[a rm otifsto bind D NA o rtheirr egu(ated
fu nctio n s･ T he se regulato ry proteinshav esho wnthe co n serv ation am ong ofgroup
familie s(Table1)･ Jnthe s a mep[a nt, simi[a r r egulato ry protein sin m a nyc[ass6s a r e
produ c ed, but they c o ntro一the diffe re ntfu n ctio n o r s a mefu n ctio nin d 肘e rent c erto r
orga n･ T he regulatoⅣ protein am o n9 gr o ups Can c o mp一e ment the muta nts o rsw ap
betw e e n spe cJ
'
e s(de Vetten et a/･, 1997
､
;Qu attr o c chio et alL, 1998)▲ T he str o ng
simila■rity a m o ng the D N A-binding do m ain and protein-pr otein binding do m ain of
regulato ry pr oteins implie s a c o mm on fu n ction in the role of regulation. T he
regulatory protein shav e afle xible re c ognitio nin ope ratingv a rietyof m e cha nis ms. 1t
m ay m e a nthatprotein s v e ry simila rin theirbinding do m ain contr olquite differe nt
targetge n e sand the refo r eha v equite distin ct phys1 0log[ c a[ fu n ctio n s. T hu sitis
po s siblethato rga nis m s m ayha vethe s a m epatte r ninthe regulatio n ofdow nstr ea m
pro m ote rsind 舶r e ntrelativepathwayord 附e re ntorga ndepe nds o nthe sLgnaI
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Pa肋 way
Type
M Y C
M Y B
WD
M D
Am伽ocyamin
MaLiz e
r
,
b
,
s n
,
Ic
cl, pl
Petumid Pe riMa
Trichom e Ro ot
A柑b]
'
dop$ 8S
■
a n1
,
a n4 Myc -rp
a n2 Myb
-
p1
an1 1 P加d T TGI
A NL2
伝+♂
GJT
TT G1
GL2
CPC
TT G了
GL2
Tablel･ Ortho(ogu es ofregulatoryge n e s of div e rs ed developm e nta[pathwaysin m aize, petu nia, P,
触te s c e ns and A･ thalI
'
ana ･ MY B: M Y Bprotein･ M Y C:basic helix-lo op-helix dom ain prdein, W D: W D
repe atprotein, H D: hom e odo m ain protein
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tra nsductio n.
T he e xpe rim e nts in various plants indicated that a nthocyanin productio n
required a W Drepeaトc ontain lng Protein andthe M Y B- a nd M YC-fike trans criptio n
fa ctors(de Vette n etal･, 1 9 97;Quaur o c chio etaI･, 19 98;MoJetal” 1996). Rece ntJy,
ho m eodo maintranscriptio nfa ctorha sbe en alsoincluded(Kubo et all 1 999). The
c ombinatio n am o ngthese ele ments may pro vide the spe cificin the pro m oter- a nd
stim ulated-dependentge n eactiv atjo npro ces s e s.
Se v e ralme mbersofM YBproteinhav ebe e n shownto re c ogniz ethe M BSJfG
binding site (T/C A CA q A C/AC)(Ro m e oet all 1998). Me mbers of on e D NA･
binding r eg1 0 na re in v o一v ed in v ario u spathw ays su ch a stricho m ede v elopm e nt,
in c r e as] ng c e” size and also antho cya nin produ ctio n･ De spite hav[ ng very Simila r
D N A-binding do main.s･ the s egroup pr otein s cle a rJy ha v edistin ct phys1 0logTCa-
fu n ctio n s.
The M Y C fa mily prote I
L
n s hav e the b H LHdo main, a w e”-con s e rv ed
bifunction af m otifm ediating D N A bindng a nd hom か and hete r odim e ric pr otein-
Pr Oteininte ractions(Atchleya nd Pitch1 9 97)atN-te r minal, a ndthe str o ng N LSs atC-
termin aI･ P一a ntbH LHproteins r e c ogn lZl ngG-bo xlike s equ e n c eshavebe e nis o一ated
onthebasis of D N Are c ognitio n･butlink betw e e nthe seprotein a nda ntho cyaninge n e
Pro m ote r sis notyetcle a r(de Pate retaI･ , 19 97)･ On[ydim e rofboth bH LHprotein s
has a c apa city to bind D N A(Lewin 1 9 97). (n ye a st the G L3 bH LHha sbe e n
obs e rv edtodim e riz e with its elfa nd Rprotein(Payne eta/” 20 0).
T he str u cture of P F W Dprotein ha s o nly protein bJ
.
ndingdom ain,butn oD N A
binding do m ain. T his str u ctu reis simila rto beta tr a n sdu cin, a s]gna[tran sductio n
pr otein･ The r e s ult of Lo c alizatio n sho wed that the PF W Dprotein is Lo c ated in
cytopla s m･ The M Y B, M Y Ca nd H Dproteinfa m‖ie sha v e a n u m e r o us membe r sto
regu一ated the s a m epathw ay butin diffe r e nce tis s u e. Untilnow , no re[ative W D-
repe at protein ha s be en de m o n strated to regulate the sa m ebio synthetic 9e ne
e xpres sio nin the sa m ep(a nt, whe re a sthe s am e WD- repeat protein sho w ed the
r egulationindife re ntpathways.
T he r egulatory protein sbelo nglngtOthe s a m efa miLyfro mdiffe rent specie s
c a n co mple m e nt the m uta nt･fo r exa mple･ the hu m a n a nd ArabidopsISge n ePa rtial[y
comple m e ntedthe ∂ハブTphe n otype,inthattheyr e sto reda一o wle v elof D F Rpro moter
activityintra nsie ntexpre sio n expe rim ents with m uta ntpetals(de Vetten eta/. 1997).
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More o ve r･ the ov e re xpre s sio nof m aiz e 用gen e, anthocyanin r egufatory ge ne, als o
ca n c a u s ewidespre adtricho m einitiatio nin ttgl muta ntbackground(GaJw ay etaI. ,
1 994). Tra nsie ntexpre ssio na ssays,in whichthes eM Y Ba nd MYC-type reguJator
can be s wapped betwee n m aiz e and petu nia, ]
'
ndicate that the spe cie s spe cific
regulation=es onthe pr om oterofdownstre am antho cya nin bio synthesis
･
ge ne r ather
tha ninthe r egu(ationproteins(MoletaI” 1998).
T he ye ast tw o-hybrid dataindic atedthatP F W D inte ra cts physJC a書ry withthe
■
M Y C･R P･ T hisimp=e sthatPF W Da ctiv ate s, m odifies orJ
.
n SO me Othe rfashio n
,
has
a positive effect on the capabifity ofthe M Y C-R Pprotein to a ctivate anthocyanin
bio synthesisgene s.
In petunia, M Y B-typetr an s criptio nfa cto r a n2 r e sto r ed D FRpro m ote r a ctivity -
in a nllm uta ntpeta一sjn tra n sie nt expressio n expe rim e nt(de Vette n et all 1997).
Two ge n e, G Ll(Myb ho m ologue)a nd T TG (Pfwd ho m o(ogu e), a re required fo r
tricho m einitiation, but m a ]
-
z e R that enc ode s a M Y C-Iike tr anscriptio nfa cto rca n
s up pre ss a][a spe ct ofttg m uta ntphe n otype(LJ9yd eta/., 1 994). T he s e e viden c e s
imp一ythatW Drepeatpr otein a cts upstre a m of M Y Ba nd M Y C fu nction s.
T he combJ
'
n atio n of M Y B-Pl a nd M Y C-R P ha s a一s o sho w nthe inte ra ction
betw ee nthe m(Figur e2･5B)･ Sim=a ritye xte n siv e w o rk in maiz e a ndAr abI
'
dopsisha s
sho w nthe b H LHprotein R inte ra cts with the M Y B- cla s str a n s c ription fa cto rCl
in v o(v ed in a ntho cyanin bio synthesis andtrjcho me de v elopm e nta]pathw ay(Co n eet
all
,
198 6;Lakin etal. , 1 994). The a s s u mptio nis m adethatM Y B-Pl a nd M YC-R P
bindtogethe rtopro m ote r s of do w n strea mge n es.
Ov e r e xpr e s sjo n of G Ll (M Y Bprotein)is n ot s u冊cie ntfo rtra n s c riptiro n of
ectopjc G L2(ho m e odo m ain c o ntaining protein). T he m aiz e R gene c an pro vide
addito n aJ activity, s u ch that o v e re xpr e s sio n of G Ll and R leads to ectop[c G L2
tran s criptio n(Szym an skietal” 1998). T hus M YB a nd M Y Cprotein s sho uld bindto
the pro m ote rs of do w n stre a mge n e s s u ch a s HD ge n e a nd a ctiv ate tra n scription･
T he H Dproteinis ge n era”ythought to r egulate thetranscriptio n ofspecificta rget
gene･
Ma nytr a n s c ription r egulato ry pr otein sha ve a ctiv ated a ctivity u nde r slgn al
tra n sdu ctio n s u ch a s一ight, ho r m o ne. G Ll ha s sho w nto be act do w nstream of
gibbe remc a cidsign a=r a n sdu ctio n(Pe ra z z a etall , 1 98)･ lnthe chapter o n e, m a ny
po sトtran s[atio n alsite s a r e sho w nin P F W Dprotein. T he differ e nce oftran sductio n
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slgn a[s m ay ln V OJv e pr otein m odific atio n a nd efe ct o nbinding with protein fr o m
d 附erentpathw ays･ u
'
s po sible thatthe PF W Dprotein s may actin inte r mediary
Pro c e s s Ofthetra n sductio n sJgnalin v a riou spathw ays andtra nsferthe s Jgn aJthro ugh
M Y C family proteins (Figu re 2･7)･ After sJgn a=ran sductjo n s, P F W Dprotein s
be c om e activ e a nd r e一eas efr om m embrane a nd transferthe s rgnafthrough M Y C
fa mily proteins･ T he a ctiv ated M Y Cprotejn s m ayfrom dim er a nd bindtopro mote rin
c o mbin atio n with M YB protein･ T he bJ
･
nding c o mple xtrigge rs spe cifictran s c riptio n
pathw ays such as a nthocya nin a ndtricho m edev elopment. [tis po ssiblethatPF W D
is r e v e r siblein c o mbinatorailm ode(a nd affe ct to r egulate of dJ
･
v erse de v elopm e nt
pathw ays.
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Figu re2･7 ･ Mode( fo rthe regu[atio n of P F W B depe nde nt pathw ays･ Regu一atory protein s are
indicated bythege n e ra厄ed n a m3 Sb H L H, W B, H Da ndPF W D.
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eO hBe L u S#O NS
PF W Dcontain W D repe at m otifthatis highfy c on s erved in e ukaryotic
o rganism ･ Sugge stingthis dom ainisimpo rta ncefo rtheirfu n ction a nd WD repe at
Pr otein m ay be ge n e ra暮 u sed in r egufatio npro c ess ofvario us spe cje s･ T his protein
in v olv edin r egufatio n ofvario u spathw aysin cluding a ntho cyanin biosynthe sis. PJa nt
viability s sen sitiveto Pfwdge n edo sage. T he o v e re xpr es sio nm ayre su[tsin e xces s
P F W Dprotein that c a ntitrate othe r r equired pr otejn s a wayfr om the ge n etargets
n e eded forthe otherde ve[opm e ntpathwaysthro ughthe protein-pr oteininte ra ctio n.
T he str u ctu r e ofP F W Dprotein has onfy protein bindingdom ain, but no D N A bindng
do m ain･ T his stru ctL ”e SimiJa rto betatra n sducin, s lgn altran sdu ctio nprotein L T he
result of lo c ah
'
z atio n sho w ed thatthe P F W Dprotein -oc ated in cytop(a sm . 1t
･
s
po s siblethatthe P FW Dprotein sactininte r m edia ry pro c e s s ofthetra n sdu ctjon slgn a】
in many pathw ays a ndtra n sfe rthe slgnalthro ugh M Y C fami-y proteins.
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M AT 監円8風虹S A N D 悶臣下MODS
PIa ntm aterJ
.
alandgr o wthcondI
'
tio ns
The seeds ofred(Aka-jiso,
"
shiku n
”
)a ndgreen(Ao -jiso,
"
seiku n
''
)for ms of P.
fr ute s c e n sBritton var･ c rI
'
spa Thuab(Labiatae)w e r epurcha s ed from Sakata Seed
Company(Japa n), ge rmin ated and gr o w n at25℃ unde riJJuminatio nin 1 6 h right
Period in agree nho u s e･ Afte rs w e eks ofge r mjn atio n･ whe ntheleave shadgro w nto
a Le ngth ofabo ut 3cm , the yo ungle a v e s w e re u s ed forthe extra ction of R N Aa nd
D N A
,
and fo r othe ra n afys e s･
ArabI
'
dopsI
-
s tha/I
'
a n a e c otype coJu mbja gro wn in chamber at 2 2℃ u nde r
16h/8h ‖ghtcycle w a su s ed fo rp一ant tra nsfo r m atio n･ Ste rJ
･
le plants w e re gr o wn on
G Ms olidm ediu m(Va暮veke ns etaI･, 1988)at 2 2℃ u nde r16h/8M ghta nd da rkcycle.
Fo r s e eds ste riliz atio n, A･ thaII
'
a n as e edsin w e re w a shed in 0.5 mJof7 0%
EtO H 1min a nd 1mlofl %s odiu mhypo chlo rite plu s2 FLJoflO % Triton X. T he
s e edsin s odium hypo chlo rite solution w ere shake n20 min a nd w a shed 3 tim e sin
steri=z ed water.
Is o/atio nands equ e n c/ngofCD NAclo ne
Fo rtheis o一atio n ofCD N A
,
a nllCD NAfrom of P. hybn
'
da(de Vette netaI.,
1997)w a slabeled with Sap-d C T P by u singra ndo mprime rfabelingkits(Taka r a)and
u sed as probe to sc r e e nappro xim ately200,000 a mplifiedplaqu e s of A-ZAPH.CD N A
=bra ry prepa r ed fro mle a v e s ofr ed P･ frute s c e n s(Go ng etaI., 1 97). Plaqu e s of
pe riIIa CD N A libra ry w e r eb)otted o nto me mbra n e(Hybo nd N＋, Am e rsha m) a nd
hybrJ
-
diz ed with a nllprobein 5xS SP E(0･9･ M NaCI, 0･05 M s odiu mpho sphate(pH
7･7), a nd 5m M E D TA), 0･5% S D S, 5xDe nha rdt
'
s s olutio n and 25 fig/ml sa一mon
spe r m D N Aat 50℃ fo r ov ernight. T he hybridiz ed m e mbra n es w ere w a shed in
5XSS PE at50
o
C
･ Afte r a uto r adiography u s [ng Ba s2000im age a n alyz e r, positiv e
clo n es w e r epicked up and re a mp(ified･ T he I
'
n vitr o e x cisio n ofpo sitiv eclo neinto
the pBIu e s cript S K(-)p暮a s mid from 九- Z AP[Iw a spe rform ed acc o rding to the
proto c o=)yStrata9e n e.
Sequ e n c J ng Was C a rried o utbythe dide o xy- chain te rmin ation method with
35
The r m oSequen a s e(Ame r sham) u sing a D N Asequence r(m ode一 D SQ 1000,
S him adz u,Japa n).
D N Aanda mino a cidsequ e nce an alys I
･
s
T he D NA sequ ence w as co mpared with GeneBa nk ＋ E M BL database usJ ng
BL A ST N(Alts cM eta/” 1 97). T he D N Aand amin oacidsequ en ce an alysis w ere
peHo rm ed using
I
G E NETYX-M A Cs oftware (Softwa re Dev eJopm e nt Co., Ltd.).
A ‖gnm ents of WDィepeatprotein s equ e n ce w e rege n e r ated u slngClu stalXprogra m
(Tho mps o n etall 1994)･ B LO C KS(He niko冊 eta/～, 19 97)a ndPR O SITE(Hofm an n
et all 1999)s e a r che s w ere peHor m edtoide ntity motifs･ T he detaifed W Dィepe at
anaiys-sw as obtain ed fr om the PAS Sequ e n c eAnalysis Se rv er at the BioMole c ular
■
Engin e e ring Re s e a rch Ce nte r of Bosto n Univ e rsity ( r
Hom ologys e a rch(Wo rJey eta/” 1999) was peHo r m ed via B C M Se ar chLaun che (
(出良 蜘 ).
Nu c/e/
'
c acidprepa ration andb/otan a/ysIS
Genomic D N Aw as extracted fr o mle a v e s of5w e eks oJdspla nts asde s c ribed
in De‖apo rta eta]･ 1 983･ Fo r southern blota n alys-s, abo ut 25FLg Ofge n o mic D N A
wa sdige sted with r e strictio n e n zym e, s epa r ated by electropho r e sj through a 0.8 %
(w/v)aga r o s egela ndtr a n sfe rto aHybo nd N＋ m e mbran e(Am e r sham). T he tota[
R N A fro m redorgre e nP･ fr ute s c e n s wa s e xtr a cted fro myo u ngle a v e s, m atu re始a v e s,
ste m s a nd r o ots(Pa wlo w skietall 1 9 94)I Te n LLg Oftota暮 R N Aw a s s eparated
u nde rde n atu ring c o ndito n s o na 1･2%(w/v)aga r o s egelc o ntainingfo r m a暮dehyde,
a ndtran sfe rto aHybo nd N
十
m e mbr a = e(Am e r sha叶 D N Aand R N Aw e r eprobed
with 82P-labe一ed pr obe s synthe siz ed fro mthe CDN Aclo n e s･ To ve rify equiv ale nt
lo ading of R N A b[ots, m e mbra n e s w e r epr obed with a
S 空p-Iabelled a ctin CD N A.
Hybridiz atio n ofthe m e mbra ne w a sinthe sam e s olutio n asde s c ribe abo v eat65℃ .
Fjn al w a shing of m e mbr a n e s wa spe rfor m ed in 0.1xS S P E, 0.1 % S D Sat 65℃ .
Hybridizatio nsign als w e r edetected with a BA S-200im age analyzer(Fuji).
PC Ramplifl
'
c atio n ofCD NAandge n omic DNA
36
The for ward pn
r
m er･ 5
'
- CC G G G ATC C虹 馳 迫包弘 一3,,
a nd re v e rse pr'm e r･ cc G G G ATC C濫 造 弧 払G 迦 -3･, w e,e
de sJgn ed from the s equ e n c es atN･ a ndC-ter m J
･
niof O R Fof Pfwd withthe additon of
Ba mHIsite s･ T he2 ngcDN Asynthesiz ed from pofy(A)
･
R N Aandge no mic DN Aof
red orgreen P･ frutes cen s(e av e s w er u seda sate mpfateforP C R The amplified
fragme nts digested with Ba m=Jw e re=gatedto Bam 川 site ofpBlue scriptS K- , and
S equ e nCed.
Co n structio nof T/
'
p/a smI
-
d-den
･
v ed v e ctora ndp/anttra n sfo rm atio n
The O R FofPfwdcD M w a sa mp(jf]
･
ed byPCR with a n e ngrn e e r ed Ba mHJsite
o nthe both ends a nd c一on edto pH TT2 02(Ter ri etaI･, 1989)to giv ean expre ssio n
v ecto rPP F W D･ Jnth■is c on str u ct the e xpression ofPfwdis c o ntr o‖ed by prom ote rfo r
c aufifJow e r mosaic vJ
-
r u s35S R N Aand N P TIlge n ec o nfe rrrngka namyc-n re sista n c e.
T he c o-integration v e cto rs w ere tra n sfe r red to Agr oba ote rium tu m efa cI
･
e n sc 58 CI
ca rrying pG V3850(Za mbryskieta/･･ 1983)･ T he tra n sfo rm atio n of A･ thalia n aby
f暮oraJ dip m ethod w a s carried o uta sde s c ribed(CIough etall 1998). Tra n sfo,n ed
pla nts w e r esele cted w J
-
th kan amycin･ The steriliz ed TI s e eds w e r ege m J
･
n atedon
GM aga rprate s upp一em ented with 30mg/- kanamycin.
Co n str u ctio n ofe xpre s sI
'
o n v e cto r a nd E. c o/itr a nsfbr m ation
To pr odu c eafu sio nprotein of PFW Da nd m aJto s ebinding protein(M BP),the
O R Fof Pfwd w a s s ubclo n ed into Ba mHIsite ofthe PM A L- c2 v e cto r(Ne w Eng一a nd
BioLabs)so thatitisin the sam etr an sJatio n alr e早dingfr a m eas the v e cto r･s m aIE
ge ne･ T he expre s sion v e cto r u nde rta cprom ote r co ntr olw a sintrodu c ed into E. c oII
･
No va Blue c e‖s(No v age n)and c ultu re w a? gro w n at37℃ in rich mediu m(10 g
trypton e, 5g ye astextract,2g glu c ose)c o ntaining10 mg/Jca rbe nicilin with inductio n
by O･3 m M fPT G･ T he c ells w ereha r v e sted by c e ntrifugation, a nd s u spe nded in
c olu mn buffer(20 m M Tris-H CJ, 2 00m M NaCl,i m M ED TA, 1 m M a zide, 1m M DTT,
PH 7･4)I Afte rthe c ells w e r edis rupt by s o njc atio n, the ]ys ate w a sobtain by
centrifugatio nat9,000xg at 4℃ 20 min･ T he M B P: F W D fusionprotein waspurified
37
by amyJo s e r e sin c olu mn chrom atography a nd M B P: F W D fusio npu rified protein
w a s cle a v ed w托h factor Xa ac c o rding to the suppHer
'
s proto col(Ne w Engfand
BioLabs)･ T he e xpr e s sio n暮ev el a nd pu rified protein w ere ex amined by S D S･
poJya cry(a midegelefe ctropho r e si(PA G E)(Lae m mJi 1970).
TransI
'
entexpre sI
'
on assay/n O nio ncol/s
Pfwd CD N Awas clo n ed a sin frame C-te r min a=u sion to β -gfu cur o nidas e
(G U S)I Ge n ee xpression wasdriv e nbyc a u一iflow e r m o saic vir u s3 5Spro moter a nd
mo ste r min al signa[s･ Onion epider m al c e=s w e r etra n sfe cted with G U Sa nd
P F WD:G U Spla smidu singHelios Ge n e- Gu nsyste m(Bio- R A D)a sde s cribed byNoji
eta/A(1998)a nd in c ubatedfo r18 to 24h at 2 2℃ inlighta nd dark c o ndito n s. T he
(o c ation ofβ -glu c u r o nidas e a ctivity w a sdete cted bythe X-glu c a s s ayto determin e
the[o c aliz atio n of P F W D:G U S fu sio nprotein s(Jeffe r s o n1987). Onio ntis s u e s w e re
in c ubated at37℃ in X-g[u c s olutio n(50 m M NaP O., pH 7.0, l m M EDTA, 0.001%
Trito nX-10 0
,
10 m M 2- m e rc apto etha n oI, 0･0 5m M sodi.u mfe m cya nide a nd s odiu m
fe rr o cya nide, 2 m M X･g[u c)･ Nu cleiw e r eide ntified u sing =⊥g/m1 4
'
,
6-dia midin o-2-
phe nylindole(D AM;Va r ago na eta/I , 1991)･ T he(oc a(iz atio nof b[ue pr e cipitate wa s
visualized u sJ ngthe B X50
-F LA 0(ympu s mic r o s c ope with a brighトfieldoptic s a nd
co mpa r edto the D APJstain ]ngin the s a m ece”s with flu o r e s ce nce optic susl ng U-
M W U flitte r whichpro vide s e x citatio nat330-3 85 n m a nde mis sio n at420n m.
Dete ctI
'
o n ofprote I
'
ninte ractio n l nye a sttw o-hybridsyste m
The O R Fof Pfwd- c oding sequ e nc e wa sP C Ramplified by P C Ras a Ba mHT
fragm ent, sequ 即 C ed, a nd cloned into the yeast v ecto rpA C T2(Clonte ch) by
ge ner ating afu sio nbetw een PFW Da nd a tran s c riptio n alactivatio ndo m ain(A D)of
GAL4･ The O RF of Myb-pl or Myc-rp(Go ng et al. , 1 99a) a nd A NL2fro mlA.
thalI
'
ana(Kubo etal. , 1999) wa sclo n ein fr a m eto the s equ e n c encoding DN A-
binding do m ain(D N A-BD)ofG AL4in pA S2-1(Clo nte ch)I T he tw otypes of hybrid
pJa s mids a r e c otra n sform ed into the ye a st ho stY187(Du rfe e et al. 19 93), which
carrie s anintegrated repo rterplas midwiththe GA LIpro m ote r=nkedto the.repo rter
gen e/acZ. CIo n es w ere s ele cted and te sted fo r β -galactosidas e activity, as
3 8
des c ribed inthepr oto c olforthe Matchm ake rtw o-hybridsystem 2(Cfontech).
3 9
R 監『監円監NeES
舶 s chuB, S･F･I Mad den, 甘｡L” Scha 触 I A 胤, Z hangプJ･J Z ha ng' Z･, Miner, W. a nd
Lipm am, D･J･ (199 7) Gapped BLA STa nd P S トBLA ST: a n e wgen
･
e ratio n of
Pr OteJ
'
ndataba s e s e ar chprogra m s･ Nu cle/
･
cAcI
･
ds Re s. 25,3 389-3402.
Ba s si, M 汀門 Ra me s a r, R 息 , Caciot帆 臥, Win shE
r
P,L 肌, De Gra ndi, A･, Ribo mj, 帆,
Tow n¢s, P･L” Beighto n･Pり BaHab盲o, Å･ a nd Bors a m J
･
, G･(1999)X-Linked late-
o nset s e n so rin e u r aJ deafn e s s ca u s ed by a deletio nin v ofv J
･
ng o Al and a n o v el
gene c ontain -ng W D･40repeats･ Am ･ J･ Hu m･ Ge n et･ 64T1604-1 616.
Ciceri, Pり Lo c軸 =, F･, Ge nga, Aり Viotti, A･ a nd Schmidt, R-JL(199)The a ctJ
･
vity
ofthe maiz e Opaque2 tra n s c riptio n af a ctiv ato ris r egulated diu rnalfy- P/ant
Phys/
'
o/. 1 21
,
1321-1 3 28.
C Jough, S･J･ and Bent･ AIFb (1998) FJo ral dip: a simplified m ethod fo ,
Agroba cte rium - m ediated tra n sfo r m ation of ArabI
･
dopsis thaI/
･
a na･ P/ant･J. 1 6
,
735-4 3.
Co ne, K･Cり Bu r, FIA. and Burr, B･ (1986) MoJe c ufa r a nalysis of the m aiz e
a ntho cya nin regu一ato ryfo c u sCl. Pro c･ Nat/Ac ad･ Sci･ U SA
,
83, 9631-9635.
Cone･ K･Cり Co c cjo h e･ S 胤 , Bu rr, FLA･ a nd Bu r r, B･(1 993)Maiz e a ntho cyanin
r egulato ry gen ep/is
･
a dup=c ate ofcl thatfu n ctio n sinthe p[a nt･ PIant e el/. 5,
1 795-1 80 5.
de Pale r, S” Pham , K” Mem eunk,J･ a nd Kijn e,J･(1997)RAP-1is a nArabidopsjs
M Y C-like Rpr oteinho m oJogu e･thatbindsto G- bo x s equen c em otifs. P/a ntMoI.
BI
'
ol. 34,169-174.
de Vetten, 帆, Quatro cchio, F･, Mol, J- and Koes, R. (1 99 7)The a nllloc u s
c o ntro川ngf一o w e rpJgm e ntatio nin petu nia e n code s a nov el W Dィepe atprotein
COn S e rV ed inye a st,p[ants, a nda nim als. GehesDe v. ll, 1422-1434,
Do oner, HIK” Robbins, T･ a ndJo rge n s o n, R･(1991)Genetic a nd de v eLopmental
c o ntrofofa ntho cya ninbio synthe sis･ An n u･ Re v. Genet. 25, 1 73･199.
Durfe e, T･I Be cherer, Kリ C he nI P･Lり Yeh】 S･Hり Ya ngI Y･, Ki】bu r n, AIE･, Le eI
W･H. a nd EHedge, S J･(1993)The r etinobla sto m aprotein asso ciates withthe
proteinpho sphata s etype1 c atalytic s ubu nit. Ge n e s& De v. 7,555-569.
Po ng, H･K･1 Hu 鵬 y,J･臥 , HopkinsI R 息, Miake･Lye, Rリ Johms on) 肌S” Do olittleI
R･F･ a nd Sim on, M ふ(1986)Repetitiv e segm entalstructur e ofthe tr an sducin
4 0
beta subunit:hom ofogywJ
･
ththe C D C 4ge ne a nd identificatio n ofrelated mR NAs.
Pr o c･ NatIAc ad･ Sci･ U SA
,
83
, 2162-2166.
GaFway, 帆Eり Masu cci, - , L書oyd, A 胤, WaFbot, Vり Davis, R.W . a nd
Schiefeabejm･ J･W.(1994)The TT Ggen eis requiredto specify epiderm alceH
fate andceJ[patte rnlngintheArab/
･
dopsIS rO Ot･ De v･ BI
･
oI.1 6
, 740-754.
Go ngZqZ･, Ya m az ak音帆 ,Sugiya ma 帆 ,Tan akaY･ a nd Sajto K･(1997)Cfo ninga nd
m ole cu(aran aJys(s ofstr u cturalge n esin volved in antho cyaninbiosynthesjs and
4
e xPreS Sed in aforma- spe cific m a n n e rin Perila frute s c e n s･ PIantMoll Biol. 35,
91 5-92 7.
GongZ･Zり Ya m a z aki M･ a nd Saito K-(1999a)A r]
･
ghtl
r
ndu cibfe Myb
-h
･
kegenethatis
spe cific al(y e xpre s sed in r ed Pe r]
･
IIa fr ute s c e n s a nd pres u m ab(y acts a s a
dete r minl ngfa cto r ofthe a ntho cya ninfo r m al Mo/･ Ge nGe net. 2 62
,
65-72.
Gong Z･Z” Yam agishi Eり Ya m azakiM･ and Saito K･ (1 99b)A c on stitutiv ely
e xPr e S Sed Myc>[ike ge n ein v olv ed in a ntho cya n J
･
n bJ
r
O Synthe sjs fro m･Pe riIJa
fr utesc e n s : m oJe c u[a r chara cte riz atio n
･ hete r o-ogou s e xpre s sio nin tra n sge nic
P(ants a ndtra n sa ctJ
-
v atio ninye a stc e”s･ p/a nt Mo/I BID/. 41
,
33-4 4.
Grote w oJd, E･, C ha mbe rJjn, 帆 , Sn o ok, 肌 I Sja m eI Bり But8e r) Lり Sw e n s o nI J.,
Mad do ck, Sり Clair･ GtS･ a nd Bo w e n･ B･ (1998) Engin e e ring se c o nda ry
m etabonsm in m a J
'
ze ce‖s by e ctopl C e xpre s sio n oftran s c riptio nfa cto r s. PIa nt
oeI/,10, 72 1-7 40.
Grotew o]d, El･ Sainz･ 帆 臥 ･ TagJja nj, Lu =e rn a ndez, J･ 帆 , Bow e n, B. and
C ha ndqe r, V･ L･(2 00))de ntific atJ
'
o n ofthe re sidu e sinthe Myb do main of m aiz e
Clthatspe cifytheintera ctio n withtheb H L=c ofa cto rR. Pr o c. NatlAc ad. Sci. U
S A,97,1 3579-1 3584.
GuyY瓜 , Ya ng, C･･T ha r a, V･K･･ Z ho u･J･ and Ma rtin, G 息(2000)Pti4isindu ced by
ethyle n e a nds alicylic acid, and its productisphQSPho rylated bythe Pto kin a s e.
P/a ntCe/I
,
12
,
7 7l-786.
‖enikoff, JIG･, Pietr oko vskj, S･ and He nikoff, S.(1997)Re c e ntenha n ce m entsto .
the Blo cks Databa s e s e rv e rs･ Nu c/e I
'
cAc/
-
ds Re s. 25, 2 22-225.
‖川' C･S･ a nd Tr eism a n, R･ (1995) Tra n s c riptio na( r egu一ation by e xtr ace[Iu[ar
s]gnals : m e chanis m s a ndspe cificty･ Col/,8 0,199-211.
Hofma nn, Kリ Bu cheF, Pり Falquet, Lリ and Bair o ch, A. (1999)T he P R O SITE
databa s e
,
its statu sin 1 9 9･ Nu cleicAc/
'
ds Re s. 27
,
215-21 9.
41
Mo昏蜘 , T 胤, a nd Co mjs的, 監･C･(1995)Ge netics and bio che mistry ofantho cyanin
Bio synthesis. PIa ntc ell, 7, 1071ll083.
Je触 r som, RI A･ (1987)Assaying chim e ric gen esjn p[ants= The G U Sge ne fusion
SyStem ･ Pla ntMoll BI
'
0/A Rep.5, 387-405.
Jiamg, C-J一, 暑m am oto, N･, Ma 蜘 帆 R･, Yomeda, Y- a nd Ya m a m oto ”. (1998)
Fu nction aJ characte rization of a plantimpo rtin aJpha hom o[ogue. Nuclear
lo c a=z atio n sign aJ(N LS)- sele ctiv ebinding a nd m ediatio n ofn u cle a rimpo rt ofnls
protein s I
'
n vI
'
tro･ J･ BI
'
0/･ C hem ･ 273,24083-24087.
KA細 , 弧 a nd Mu mter, T･(1995)Tra n s criptio n aJc o ntrol by prote J
.
n Phospho rylatio n :
slgn a[tra n s mis sio nfr o mthe c eHs uHa c etothe n u cfe u sI Cu rr. B/
･
o/. 5, 74 71757.
Kircher, Sり Ko z m a-Bogn a r, Lり Kim , L･I A da mI E･I ‖a rte r, K･, Scha紬r! E. a nd
Nagy, F･ (1999) Light qua=ty-depe nde nt n uc一ea r impo rt of the p(a nt
photo r e ceptorsphytochrom eAa nd B･ pla ntCell,ll,1 4 45-5 6.
Ko o rm ne ef
, 帆 (198 1)The c o mplex syndrom e ofttg m uta nts. Arab(
･
dopsI
･
s/nf. Se r v.
18, 45-51,
Kubas ek, W ･K･, S hirdy! BIW ･, McK =op, A･! Goodm a n, H J此I Brjggs, W , and
Ausube, F･M･(1992)Regulatio n of f[av o n oid bio?yntheticge n e sin ge rmin ating
Ar ab]
'
dopsIS e edh
-
ngs. p/antCell,4, 1 2 29-1 23 6.
Kubo, Hリ Pe ete rs, A-J･, Aarts, MdG･, Pe reira, A･ and Ko ornn eeず. ” . (19 9)
A N T HO C YA NIN LE S S2
･
a ho m eobo xge n e a什e ctinga nthocya nindistributio nand
r o otdeve一opm e ntinAr abidops] s. P/a ntCel, 1l, 1 21 7-1 226.
Laem mli, UIKl (19 70)C]e a v age of stru ctu r alprotein sdu ringthe a s s embly ofthe
he adof ba cte n
-
ophage T4. Natu r e,22 7, 680-6 85.
La rkin,J･ C･I Oppenheim e rI D･ Gリ uOyd, A･ Mリ Papa r Q Z ZiI EI T- and Ma rks, 肌 D.
(1994)Role ofGLAB 月O U Sl a nd T RA NSPAF7E NT T EST;A GF7A B RA Ge n e sin
Arabidops/
'
sTricho m eDe v elopm e nt. pla nte el/,6,1065-1 076.
Le win, 臥 (1997) Regulatio n of tr ans c riptio nin Ge n e sVl, p p.847･87 8, Oxfo rd
Univ ersityPre s s,ln c. Ne wyo rk.
Li舶nta 川 and C ha ng, D･D･(1998)Rふckl, a r e c epto rfo r a ctiv atedproteinkinaseP,
inte racts with integrinbeta s ubu nit. J. BI
'
0/. C he m. 273, 2379- 2383.
u oyd, A･ 肌 , Sche m a, M” W albot, V･ and Da vis, R.W .(1994)Epide r m alc eltfate
dete r minationin Arabidops/s:patte r n sdefin edby a ste roid-indu cible r egulato r･
ScI
'
e n c e
,
2 66
,
4 36-4 36,
42
Ludwig, S 風 a md Wes 軸 r, S 鳳(1990)MaJ
･
z e Rgen efa mily:tissue specifithenx-
Jo op-hetixproteins. CeM,6 2, 849-8 51.
Mes帆 T” a nd Fw abu chi, 帆(1995)P[a nt transcriptionfacto rs･ PIa ntCell PhysioI. 36,
1 405-1 420.
Mog･ J･, Jen 蜘 s, G･, Sc 鳩fer, E･･ and Weiss, D･ (1996) Signal Perceptio n,
Tr a n sductio n
, and Ge ne Expr e s sio nfn v o暮v ed in Anthocya nin Bio synthe sis. Cn
･
t,
F?e v. P/a ntSci. 1 5,525-5 57.
Nee r, E Jり Sc 叫 dt･ a,J” Na mbudripad, 札 amd Sm 帆 T･F･ (194)The ancie nt
r egulato ry
-
proteinfamuyofW D-repeatprotejn s. Nature, 2 2, 2 9 7-30 0.
Nee r, E･J. a nd Smith, T･ Fd(1996)G protein hete rodJ
･
m e rs ‥ n e w Structu res Propel
ne wque stio ns. Cell, 8 4,175･178.
Noji, 帆 ,すn ou e･ K･, Kimur a, N” Go uda, A･ a nd Saito, K.(1 98)Js ofo r m-depe ndent
diffe re n c e sin feedback regulation a nd s ubceHuJa rJo c aliz atjo n of se (in e
a cety]tr a n sfer as ein v o一vedJ
'
n cystein ebiosynthe sisfro mArabidopsisthah
･
ana. J.
BI
'
0/. C he m . 273
,
3 2739-3 2745.
Pa wqowskJ
.
, K･, Ku n z e, Rり Vr者es, S･Dv a nd Bisse伽g, T.(19 94)(s oJatio n oftotal,
poly(A) and poJys o m aJ R N A fro mpla nt tiss u e s･ in pla nt Molecular BJ
'
0/ogy
Ma n u a/～ (Ge]vin, S 息 a nd Schjfpe rto o rt, R. A. ed.)D5: 1-13, Klu w e rAc ade mic
Publjshe rs.
Payn e, C･T” Z ha ng, Fq a nd uoyd, A 胤 (2000)G L3 e n c ode sa b H LHprotein that
regulatestricho m ede v elopm entinArabidopsI
'
sthro ugh Jnteractio n with G Lla nd
TT Gl. Ge netic s,1 56,1349･1 362
Pe r a z z a, 臥,
LVa chon, G･ a nd Herz og, ”. (19 98)Gibber elins prom ote tricho m e
fo r matjo nby Upィegulating G LA B R O USl in a rabidopsis･ pla nt Physio/I 117,
375-3 83
Qu attr o c chio, F･, Wing, J･F･, v a nde rWoude, K･, Mod, J･ N･ and Ko e s, R.(1998)
AnalysJS Of bH LHa nd M YB do m ain protein s: spe cie s- spe cific regulatory
differe nce sare cau sed bydiv erge ntev olution oftargetanthocya ninge nes･ Plant
J.1 3
,
4 75-48 8.
Re sh, M･ Dt(1994)Myristy[atio n a nd Palmitylatio nof SrcFa mily Me mbers :the Fats
ofthe Ma土te rCe〟76, 411-4 13.
Resh, M･ D･(1 999)Fattya cylatio nqfprotein s: n e winsightsinto m embr an eta rgeting
of myristoy暮atedandpalmitoylatedprotein s. Bio chim . BI
'
ophys. Acta 1451,1-16.
43
Ree ves, R” 靴 o m, T 息, N iss em, 帆 S” Lehm, D･ and Johms o m, KtR･ (1987)
Posttran scriptJ
'
on af ge ne regufatio n a nd specific binding of the nonhiston e
PrOtein H MG ･, bythe 3
1
u ntransJatedregJOn Of bovin einterle ukin2 CD N A. Proc.
Nat/Ac ad･ Sc I
'
･ U S A
, 糾 , 653116 535.
恥 m e ro･ W u 軸 S, Aり Benito, MJり M 坤ic a, J 胤, Leyva, A4 a nd Pal-Ar e s, A.
(1998)Mor etha n80 R2R 3-M YBregulato ry ge ne sinthege nom e ofArabidops/
･
s
thaI/
'
ana. p/antJ. 14:273-284.
sajto, K･, Yam a 之aki･ 肌 , Gong, Zり Ya m agishi, E- and So mpornpaj”n, K･(20 0)
Mole cuJa rm e chanism a nd regufatio n ofa ntho cya ninfo r m atio nin tw o dl
･
#e re nt
chem otype of Pe ri/Ia I
.
n
"
PJa nt Re spon s e sto e n vir o n m ents: Mo[e c ula r
Me cha nis ms and App‖catio nto Biote chn o-ogy
”
(Murata,J･, Le e, D･ - = eds.)14,
23-27.
sa mbro okiJり Frits ch･E･ F･ and Mania鴨 T･(1989)Mole c ufa rcfo ning:A labo rato ry
m an u a/
,
End edn･ Co一d Spn ngHarbo r:Cold SpringHarbo rLabo r ato ry pre s s.
S 柵aey･ 臥W ” Kuba sek, W ･L･? Storz? Gり Brugge man n, Eり Ko o r n n eef, 帆 ,
Ausub軌 F 胤 and Goodman･ HIM･ (1995)An afysis of Ar abI
･
dops I
･
s m utants
deficie ntinfJa von oid bio synthe sisI plantJ. 8, 65 9-671.
S heriff, Sり Du･M･ and Gr abowski, 伝-A一(1995)Cha ra cte riz atio n ofJysoso m afacid
暮ipa s ebysite -dire cted m utage n esjs a nd hete rologo u s e xpres sio n. J. BioI Che m.
2 70
,
27 766- 27 7 72.
Seedo rf･ Uり S ko vby, F” N icke 川 , C hriste n s e n, N･C･, Ro skos s, 帆 , 0se, Lり a nd
As sman, G･(1 93)CI
'
rc u/atio n
,
88, 22 6 8.(abstr.)
Ses sa, G･, D
I
As c en zo, M･ a nd Ma r軸 , 伝.a. (20 0)Thr38a nd Se r198 a re Pt｡
a utopho spho rylatJ
-
o n site s requ J
-
r edforthe Av rPtoIPto- m ediated hype rs e n sitive
r e spo n se. E M B O J. 19, 2257-2 269.
Smith, T且, Ga青tatz e s, Cり Sa xen a, K” a nd Ne e r, 巳J.I (1999)The W Drepe at: a
c o m m o n a r chite ctu refo rdiv e rs efu n ctio n s･ Tr e nds Bio che m. Sci. 24, 1 8 1- 85.
So mpornpa‖in, Kリ Yam a zaki, M･ a nd Saito, K. (200) C ha r a cte rization a nd
e xpre s sJ
'
o n of CD N Ae n c oding a W Dィepe at co ntain lng Putative regu)atory
prote J
-
n in a ntho cya m
L
n bio synthesis jn Pe rI
'
Ia fr ute s c e n sin 6thIntern atio n al
Co ngre s sof pla ntMoJe c ularBiology1 18:2, SOつ-81.
So ndek･ J･, Bohm , Aリ La mbrjght, DIG･, Ha m m, H 息 and Sig且e r, P･B. (1996)
Crystalstructu r eofa G -pr otein beta ga m ma dim e r at2･1A r esolution. Natu re
,
44
379, 369-374.
spa rv叫 『り Ma㈹恥 C., Sc者emza･ A･, Gavaz zi, G･ a nd Ton 叫 C･(194)C)o ning
and m olecular a naJysJS Of structu r afge ne sin v olv ed in f(avonoidand stJ
･
be n e
bjo systhe sJ
'
sgrape(VI
'
tis vI
'
nife raL.). P/antMoI. BI
･
0/. 2 4
,
7437 5 .
Stacey, 帆 Gり ‖icks, S 胤 a md Wo nAm音m , A･Gq(1999)Disc r ete dom ains mediate
the(ight-re spo nsive n u cfe a rand cytopla smiclo calization of ArabI
･
dopsis C O Pl.
P/a ntCe/I,ll, 349-64.
S 伽 y, R 胤, Nordeng･ T 胤, Cuqiam e z舶 cia, F 胤 and Åa 蜘 , R 息(1999)The
do r ma n cyィ efated pe ro xiredo xin a nti- o xidant, P E Rl,islo c aJiz edto the n u cle u s
of ba r[eyembryo a nd a(e u rone c erls･ PlantJ. 1 9,1-8.
Stapaeto n, A･ E･ a nd Wadbot, v･(1994)Ffa v o n ojds c a nprote ct m aiz eD N A f(o mthe
indu ctio n ofultra vio‡etradiatio nda m age･ Plant Physiol･ 1 05, 8 81-8 89.
Szym anski, D 息,J 批, R･Aり PoMo ck･ S･M･ and Ma rks, 肌 D.(199 8)Contr o一of G L2
e xpre s sio n J
t
n Arabidops ISle a v e s a ndtricho m e s･ Do ve/opm ent, 125, ll 61- ･ 1 7 1.
Szym anski, D･ B” u oyd, A･ 帆 amd Marks, ”. D一(2000)Progre s sinthe m ole cuJa (
genetJ
'
c an aJysIS Oftrichom einitiatio nand m o rphoge n e sjinArabI
･
dopsI
･
s. Trends
P/a ntScI
'
. 5
,
214-2 1 9.
Te e ri, T 此, Pa 叫 G･K･･ Aspegr e n･ K･ a nd Ka up pjn e n, V･ (1 98 9)C hlo rop暮ast
targeting of n e o myc[ n
,
pho sphotra n sfe ras e with a pea tr a n sit peptide in
ele ctropo rated ba rJey m e s ophyllprotop[a st･ pla ntCellF7ep･ 8,187･190.
Taylor, L P･ and Briggs W ･FL(199 0) Ge n etic r egulatio n and photo c o ntr ol of
a nthocyanin a c c u m ulatio nin m aiz e s e ed =ngsI Pla ntcell, 2, 115-127.
T hom pson, J･D” 州g gin s, D 息 and Gibs o n･ TIJ･(1994)C LU STA L W:imp(o ving
the s e n sitJ
'
vity ofprogre s siv e muJtipJe s equ e nce a一ign me nt thro ugh s equ e n c e
w eighting, po sitio n spe cific gap pe n altie s a nd w eight m atrix choic e. Nucle I
･
c
AcI
'
ds Re s. 2 2
,
4 673-46 8 0.
Valveke n s, D., Va nMontagu, Mり and Va nLijsebette n s, Ml(19 9 8)Agroba cteriu m-
m ediated tran sfor m atio n of Arab/dopsIS tha/ia n a r o ot exp[a nts by usL ng .
ka na mycJn SeJe ctio n･ Pr o c･ Nat/Ac ad･ Sci. U SA, 85,5 536-554 0
Va r ago na, MIJ., Schmidt, R･J. and RaikheI, N･V.(1991)Mo n o c otr egulato ry protein
Opaqu e-2 isloc aliz ed in the nu cle u s of m aize e ndosper m a nd tra n sfor m ed
toba c c opJa nts. plantCe/, 3, 105-11 3.
WaBker, A･Rリ Da viso n, PdA･, Bologne si-W infie瑳d, A･C･I Ja mes, C･M･, Srin音va s an,
45
N･, B書umde身8, T･虹叶, Esch, J 止, Marks, 帆Dd 盈md Gr ay, J･C･ (1 999)The
T R A NS P A R E N T T ESTA G LA BR Al 暮o cus, which r egulate s tricho me
differe ntiation a nd a ntho cyan J
'
n bio synthe sisin Arab]
･
dopsI S, e n codes a W D40
repeatprotein. PIa ntCell,1l,1 337-1350.
W 叫 M 胤, Co且e m am, D 息 , Le e, E･,書nigu eか uuhi･J･A･, Po s ne r, 臥A･, G i8m am,A.伝.
amdSprang, SdR･(1995)The str uctu re ofthe G proteinhete r otrim e rGialpha1
beta1gam ma 2. Col/,83,1 047-1058.
W 由shaa r, Bl a叫 Jemkjm s, GAL(1998) Phe nylpropa n oidbiosynthe sis a nd its
reguJatJ
'
o n. curr･ Opin･ P/antBioI. 1, 251-2 5 7.
Wo 鵬y, K･Cり W iese, B･A･ and Smith, RE｡(1 995)B EA U TY: a ne nha nc ed BLA ST_
ba s ed searchtoolthatintegrate s m uJtipfe bio[ogf Ca- info r m atio nr e s o u rcesinto
s equ e n c e simila ritys e a rchres u[tsI Ge n om eF7e s. 5
,
173-1 84.
Ya ma z ak 川 -I Go ng, Z” Fuku ch 州朋zutani, M･, Fuk鴫 Yり Tanaka, Y” Ku su mi, T.
a nd Saito, K-(199)MoJe cuJar clo ning andbio che mic afcha ra cte riz ati. n .fa
n o vela ntho cyanin 5-0 -gfu c osyftr ansfe ra s eby mR N A dJ
･
#e r entJ
･
aJdispfayfo rpla nt
fo rm s regardinga nthocya nJ
'
n･ J･ B/
･
ol･ C he m. 2 74
,
74 05-741l.
Ya ma zaki, M･, Gong, a nd Saito, K･ (1 97) MoJec ula rbiologyjn P. frutesc en s:
ls olatio n ofspe cific a(Jy e xpr e s s edge nein che m otype sin
"
P E RILLA The Genu s
Pe r[
'
//a” H- C Yu
,
K･ Ko s un a and M･ Haga, edsI Pp143-1 48, Ha r w o od Acade mic
PubJishers, Am ste rda m.
Yang, P･, a nd Sa一e, W ･S. (1998) The Mr 140,0 0 inte rm ediate chain .f
Ch(amydo m o nasflage=arin n e ra r mdyn einis aWDィ epe atproteinimp[ic ated in
dyn ein a r m a n choring･ Mo/I Bio/. Cell,9, 3335-3349.
Zam bryskj? P J･‖･, GeneteHo, C･, Le em an s! J･1 Van MontaguI 帆 a nd ScheM, J.
(1983)Tip[as midv e cto rforthe J
-
ntroductio n of D N A into p)a nt c elfs witho ut
alte r atio nofthe J
'
rno r ma一r ege n e ratio n c apa city. EM B O J. 2, 2143- 21 50.
46
A e K NOW L 監D G 醐E N 耳S
To mygr adu ate s upe rvis o r, Profe s s o rKa z uki Saito,Iwo uld liketo
e xpre s s my high gratitude a nd sJ
-
n c e re appreciatio nfo rhis c o ntin u o us
e n co u rage m e nt a nd s uggestio nto problem s, a nd forhis guida n c ea nd
c o nstructiv e critics mthro ughthe c o urs e ofmy w ork.
書a m ve ry gr ateful to As s o ciate Profe s s orMa mJ
･
Yam a z aki fo rher
helpfulguida n c eand c o n stru ctive dJ
･
s c us sio n, fo rhe rco operatio n a nd
u nde rsta nding･ and forhe rin vaJuab-e as sita n ce fro mthe begin nJng tO
▲
the e ndof this w ork.
Warm thanks a rea一s o extended to Dr･ Ma s akiNojifo rhis kindly
help a nd valu able c o m m ents.
To the fo rm e r co”e agu es a nd a” stude nts in this labo rato ry, J
w o uld [ike to e xpre s s my gratitudefo rtheir kind a s sita n c eand c ordial
frie ndship.
My a ckn o wledgm e nt I
-
s e xte nded to the Hita chi Scholarship
Foundationforthe scholarship contributed to mystudyInJapa n a nd this
●
res e arch w o rk as w e‖.
Fin aHy, 暮 wo uJd like to e xpres s my tre m e ndous to my beloved
Pa re nts fo rtheir e n c o u rage m ent a nd for glV[ng m e e nthu sia stic
● ■
in spJr atio n.
■
So mpo rnpaiJin Kanokporn
47
虹首S耳0『P u B 虹旦e AT月ONS
Partofthisthe sisispublishedinthefof[o w lng Pape r s:
K･ Saito･ M･ Ya mazaki
,
Z･ Go ng, E･ Yam agishia nd KI So mpo mpaiaim:
MoJe c uJa r m e cha nis m a ndr egufatio n ofa ntho cya njnform atio nintw odiffe rent
chem otype of Pe n
'
I/a in ”Plant Respon s e sto e nvir o n m e nts : Mole c u/a r
Me cha nis m s a ndApp/I
'
cationto B/
'
ote chn ology
･
(Murata, J･, Lee, D･ -”. eds.)
14
,
2 3-27(200)
K･ So mpo rmpaidim, M･ Ya ma z akJ
･
a nd K･ Saito : Chara cte rizatio n a nd
e xpre s sio n of CD N Ae n c oding a W D- r epe at c o ntaJ
･
n (ng Putativ e regu[ato ry
Pr oteinin antho cya nin bio synthe sisin Pe r[
･
I/afrute s c e n sI PlantMoll BI
･
oI･ Rep･
18:2, SOつ-81(2 0 0)
K･ So mpornpauim, M･ Yamaz akiand K･ Saito :PutatJ
･
ve r egulato ry pr otein,
P FW D
･
in v oJv edJ
'
n a ntho cya nin bio synthe sisfr o mPe rilla fr ute s c e n s. Natu r al
Mod/
'
c/
-
n e s･(Pu m mangu r a･ S” Ebiz uka, Y･ eds･)5, P P-50(200)
KI So mpornpaiHn, Y･ Makita･ M･ Ya m a zakia nd K･ Saito : Mole c ula r clo n ]ng
and de velopm e nt e xpres sJ
'
o n of CD N Ae ncoding a W Dィepe at co ntain lng
Putative r egulato ry pr oteinin a ntho cya ninbio synthesisin Pe rI
･
llafrute s c e n s.In
prepa ratio n(2001)
48
